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IRRIGATION 
1 INTRODUCTION 

15.1.1 Water is the most important single requirement for 
the growth of plant. Crops can be raised successfully only if 
water is available in adequate quantity either from rain or 
surface flow or below ground. Rainfall in most parts of the 
country is confined mainly to the four rainy months of June to 
September. During the remaining months the water requirements 
have to be met from ground or surface water resources. The 
need of applying irrigation for raising crops during non-rainy 
periods or when rains failed was felt even in the distant past. 
Artificial irrigation was practised in India as far back as the 
fourth millennium B,C, Vii’ith the growrt^h of population and 
consequent need for larger agricultural production, the 
requirement of irrigation has increased a great deal. Irrigatior 
is required not only in low rainfall areas and during non-rainy 
season but also durino long breaks in rains in good rainfall 
areas. Modern research has highlighted the importance of 
adequate soil moisture during the crucial stages of plant 
growth and in consequence of adequate irrigation facilities, 

15.1.2 In olden days, water resources were generally 
plentiful in relation to man’s needs. Irrigation was done in 
a manner that did not take note of its possible long range 
ill effects as these were hardly understood, • Several 
civilisations came to grief through the ill effects of 
unscientific use of irrigation supplies or failure of irrigation 
works through the slow process of .geomorphological change. 

For example, for want of proper drainage, irrigation led to 
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high water table which in turn mnde the soil saline and infertile 
in some areas. Some diversion works failed because of the 
deepening of river channels due to erosion. Sediment filled up 
some tanks and rendered them useless, 3ut science and technology 
have made great orogress in recent years in remedying some of the 
ill effects and these have to bo fully brought to bear on 
present day irrigation. 

15.1.3 V/e have attempted to size up the water resources that 
can be ultimately harnessed for irrigation, Wc have also 
figured out the land that is exoected to bo available for 
cultivation in the next 50 years as also the crooped area. It 
has been estimated that out of the 400 million hectare metros 
(Mham) of average annual precipitation that takes place in 
India, only about 105 Mham can be ultimately harnessed for 
various uses besides about 125 Mham that would get utilised 
directly for transoiration. The rest v^ould evaporate or 

flow out of the country or into the sea. The present 
utilisation is 38 Mham through water resource dcvolooment 
and about 110 Mham directly through transoiration. As 
regards land resources, of the geograohical ar.a of 328 million 
hectares (Mha), in 1970-71, 140 ^'',hca was under cultivation 
with a total of 165 Alha under croos. Through various changes 
in land use over the next 50 years, the cuKivated area may 
increase to 155 Mha and the cropoed area to 210 Mha. It 
should bo possible to irrigate about 110 Mha of the cropped 
area on full development of irrigation. At present only 
about 42 Mha is being irrigated, 

15.1.4 To achieve the ultimate goal of irrigation and to 
derive the maximum benefit from the existing irrigation 
facilities, several steps have to be tfken. In brief, water 
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managed and utilised more 


resources have to be harnessed, 
economically and efficiently, and financial policies 
reoriented to meet the situation. The policies and considerations 
concerning irrigation v;ere dealt with recently by the Irrigation 
Commission, which the Union Government had sot up in 1969, 
and are contained in its report of 1972, In the succeeding 
sections of this chapter, we have underscored some of the 
recommendations as deserving of special notice' and have added 
some more which we consider important enough from the point of 
view of proper development of water resources and better use 
of irrigation facilities. 

15.1,5 We submitted in February 1973, an Interim Report on 
modernisation of the old and earlier plan projects and 
integrated develonment of commanded areas'^ We had felt that 
action on th .se imoortant matters’ should bo taken without 
loss of time and reasonable funds provided for the purooso 
in tho Fifth plan which was under formulation at the time, 

V\fc have briefly touched upon some of those matters in tho 
present chapter again. 


1 Interim Report on Modernising Irrigation Systems and 
Integrated Development of Com{nandod /'areas; hereafter 
referred to as Interim Reoort on Modernising Irrigation 
Systems. 



2 V;.\TER RESOURCES 


Hydrological Cycle in India 

15.2.1 Tho summer monsoon startino from the equatorial belt 
comes over the Indian subcontinent in two distinct currents 
knovvin os the Bay of Bengal branch and the Arabian Sea branch. 

It has been estimated that during the four rainy months of 
June to Sootember the Arabian Sea branch of the monsoon carries 
moisture amounting to about 770 Mham and the Bay of Bengal 
branch about 340 Mham of v/ater. Of the monsoon moisture about 
25 to 30 per cent precipitates in the form of rainfall. During 
the remaining eight months of the year also, there is a 
substantial amount of moisture over the country. This, however, 
has not as yot been scientifically assessed. It contributes 

a precioitation of the order of 100 Mham, a small part of it 
being in the form of snowfall. Rainfall in the country varies 
from place to place but the annual average for its total area 
of 328 Mha is about 120 cm. The average annual precipitation 
is thus of the order of 4''0 Mham, 

15.2.2 When rain falls, a portion of it soon evaporates from 
the ground or the vegetation that may intercept it, a oortion 
soaks into tho ground and the rest flows away over land as 
runoff. V.'hen rainfall is very light, say of the order of 2.5 
mm or loss, it only moistens a fov; millimetres of too soil with 
nothing percolating down or flowing over ground. The whole of 
it then rapidly evaporates from tho surface, 

15.2.3 Of the portion of precioitation that soaks into 
ground a good deal is retained in the soil .as soil moisture. 
Vi/hatcver is in excess of the water-holding capacity of tho 
soil infiltrates as groundwater to the groundwater reservoir. 
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A major portion of tho soil moisture is used by plants for 
transpiration and a small portion is drawn to tho surface by 
capillary action and evaporates* Nature also stores some 
water in the form of snow on mountains which on meltinQ feeds 
the streams that originate there, Tho snowfLclds thus act 
• as reservoirs in tho same way as the groundwater storage by 
holding back water received from precipitation and releasing 
it gradually later. 

15.2.4 Besides the contribution to groundwater from rainfall, 
there is a substantial contribution from irrigation systems, 
particularly in areas with largo scale irrigation. In tho 
alluvial plains of north India, about 45 per cent of.the water 
that is let in at the bead of an unlinod canal system is lost 
through seepage. Of the remaining 55 per cent which.reaches 
the field, another 17 per cent is lost from tho field itself. 
Thus only about two-fifths of tho water is utilised there. 

In heavier soils, or wh^re the channels are lined, the loss is 
less. The water which seeps from most unlincd channels, 
particularly in tho alluvial soil oartly goes to moisten tho 
adjoining land and partly percolates down to groundwater 
table. Moisture from this moistened land is dissipated through 
evaporation and transoiration. In addition to the groundwater 
recharge from rainfall and irrigation systems, there is a 
significant contribution from infiltration from rivers and 
streams during their high stages of flow, 

15.2.5 The water that infiltrates from rainfall, irrigation 
systems, rivers, streams and drains raises the groundwater 
table. There it does not remain static but moves through 

the soil laterally, A portion of it is extracted through 
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small amount also evaporates through capillary action v^Aierc 
watcrtable is high. The rest flows back to the surface at 
lower elevation in the form of springs, scooage, and regenerated 
flows in rivers and st-^eams. The process is slow and gradual. 

If the annual contribution to ground-water reservoir is in 
excels of what is utilised or disposed of in the above manner, 
the groundwater table rises, and if it is less, the table 
drops. Over a period the inflov; and outflow tend to attain 
equilibrium. 

15.2.6 As regards surface water, the total surface flows 
consist of direct runoff from Precipitation, snowmelt and 
regenerated flovs in streams. The surface water is disposed 
of in throe ways. Part of it is stored in reservoirs or is 
utilised directly by diversion or pbmping, part disapocars as 
percolation from streams when groundwater table is below the 
stream surface and the rest finds its way to the sea, A 
portion of the v/ater stored in reservoirs is lost through 
evaporation and a small amount through leakage; the rest is 
utilised for various purposes, mainly irrigation. With the 
intervention in the natural water cycle by man^like the 
construction of more proj ects, there v;ould be a quantitative 
change in the various steps through which surface water passes. 
More would be utilised for irrigation and other purposes and 
there would be loss flowing down to the sea. For keeping 

the rivers in proper state of conservancy a certain flow in 
them is necessary. 

15.2.7 The annual replenishoble water resources of the 
country are what the yearly precioitation yields, augmented 
by flows of rivers and streams with their source beyond the 
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border. From this has to be taken out flows which have to be 
passed on to neighbouring countries. The average annual 
precipitation in the country is about 400 Mham. Its subsequent 
deployment through various processes, as at present and in 
2000 AT. and that as might emerge about 50 years from now 
which it may take to develoo the water resources fully, is 
shown in the chart on the next page. In the absence of 
comprehensive observations and data compilation the figures 
in the chart represent only broad magnitudes and should 
be treated merely as indicative and not definitive, ,'ji 
explanatory note on the chart is at /vpoendix 15,1, 

Total Water Resources 

15.2.8 Estimates of the country's water resources have 
been made from time to time. At the beginning of the present 
century, the first Irrigation Commission (1901-03) had placed 
the surface water resource at 14^ million hectare metros for , 
India of that time but excluding Burma, Assam and East Bengal. 
In the absence of adequate data for this assessment, that 
Commission had described this estimate as nierp approximation'’. 
In the late forties, A*N. Khoslo, then Chairman of the Central 
Waterways, Irrigation and Navigation Commission, figured out, 
on the basis of an emnirical formula which he had evolved, 

the total annual surface and groundwater resources to bo 
167 Mham, In the basinwise assessment contained in Volume III 
of the Report of the Irrigation Commission (1972), the 
surface water resources of various river basins aggregate 
to 180 Mham. 

15.2.9 /,5 would be seen from the preceding chart which is ba 
on estimates now made in the Commission the basic surface- 
water resources derived from procioitatLon amount to 115 Mham, 
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To those are added 20 Mham brought in from catchments lying 
outside the country. As regards groundwater, the portion of 
the precipitation that goes into the soil is of the order of 215 
Mham, A portion of it, roughly estimated at 165 Mham is held as 
soil moisture and the remaining 50 Mham percolates to watertable. 
The soil moisture is exceedingly important for sustaining 
vegetation. But it cannot be extracted for purposes of irrigation 
or other uses. Thus, the water that percolates to the watertable 
may be regarded as the basic groundwater resource. The total 
annual basic water resources of the country are thus 185 Mham 

comprising 135 Mham of surface water resources and 5^ Mham of 
groundwater resources. But as is evident f.rom the chart, there 
is interchange at various stages between the surface water and 
groundwater besides some recirculation. Both get augmented as 
a portion of surface water on use or otherwise goes to groundwate 
and a substantial portion of groundwater reappears as surface 
water. The present total groundwater is thus of the order of 67 
Mham of which 45 Mham regenerates during the non-monsoon period 
as surface water bringing the surface water total to 180 Mham, 
Onfull development of water resources, the total groundwater 
would increase to 85 Mham and the surface water to 185 Mham 
including 45 Mham regenerated froiji groundwater. As explained 
later, not all of that is utilisable. 

15,2,10 Besides the rencv/able water resources, there are 
water resources which have accumulated above and below 
ground over long periods. Above the ground these are 
glaciers and permanent snow-caps on high mountains, which 
make some steady contribution to the flows of the Himalayan 
rivers. There is trapoed groundwater in certain geological 
formations. Those trapped waters when mined are not replaced 
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and are, therefore, an exhaustible asset. But locally these 
arc of immense value, particularly in arid regions such as 
west Rajasthan, As groundwater explorations proceed, more 
fossil water in arid regions is likely to bo discovered, 

/Jong the coast, sea water can be a source of fresb water 
on desalination. Desalinated water is, hovjover, expensive and 
therefore its use can be contemplated mainly for domestic and 
industrial purposes. V/ith the present technology, it would be 
generally too expensive for irrigation. The total water 
rSsources of the country thus comprise the annually 
replcnishable surface water and groundwater resources 
indicated earlier, the fossil water under ground which is an 
exhaustible asset, glaciers and permanent snows which make 
some steady contribution to river flows and the expensive 
desalinated water which can be produced on the coast, 

15.2,11 Of the moisture which appears over India during a 
year only about 25 to 30 per cent precipitates there. It 
should be possible, by inducing artificial rainfall, to take 
some more water from this moisture. More than 50 countries 
have been conducting experiments in rain making by cloud 
seeding, in India, such experiments have been carried out, 
in a modest way, since 1952. The process of artificial rain¬ 
making consists in injecting into a cumulus cloud the nuclei 
of a substance like silver iodide, sodium chloride, dry ice (soli: 
carbon dioxide), etc. There is good evidence that clouds 
with temperature ranging betv/een -5*^ and -20°C arc almost 
always deficient in nuclei. At lower temperatures in situ 
nuclei become adequate to oromote rainfall. For successful 
operation, the cloud has to be more than a thousand metros 
in depth. Notwithstanding the tall claims of success made in 



certain countries, the limitations in artificial rain-making 
have to be rocognised* It is only clouds of a suitable type, 
viz,, cumulus and of an adequate size, which con be successfully 
seeded. Those cannot be made to appear whenever and wherever 
one wants them. Till further advance is made in the technique 
of artificial rain-making to ensure dependable results, it 
would be premature to take this source into account in an 
assessment•of water resources of an area, 

Utilisable Water Resources 

15,2,12 Because of concentration of rain in most parts of 
the country during a few months of the year, maximum river 
flows occur during that period. During the non-rainy months 
the river flows dwindle to a fraction of their flood flows 
and some streams dry up altogether. As rainy season flows 
cannot-be fully utilised during that short period, the waters 
have to be stored in reservoirs for regulated release for 
subsequent use. Largo storage reservoirs can only bo built 
in the hills but suitable sites for dams are limited and in 
consequence on some major rivers enough storage capacity is 
not available for completely harnessing the river flows. Also, 
most irrigation projects in the country are designed for a 
dooendability of 75 per cent, which means that in 25 years in 
a hundred there is shortage of water and in 75 years there is 
some excess over the quantity planned for utilisation on the 
project. Some flood flows, therefore, have to continue to 
go to the sea. This is not altogether a waste of water 
resource, as those flood flows help in river conservancy by 
flushing the waterways, keeping the river mouths open for 
navigation and preventing sea water intrusion further upstream. 
The Brahmaputra valley in Assam is quite narrow having a moan 
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width of only nbout 90 kilometres. For the enormous size of 
.the river, there is not enough land to utilise its water. 

Most of its water, therefore, has to flow down to Bangladesh 
and on to the 'Bay of Bengal. Similarly, because of their 
short length to the sea and the conseguent constraint of paucity 
of land, the west flowing rivers south of the Tapi do not 
offer much scope for utilising their waters, 
lb,2,13 The average annual flows of the various rivers or 
grouos of rivers and the amounts at present considered 
utilisable excluding evaporation losses frem reservoirs and 
streams are shovjn below; 


(million hectare metros) 



Average 

annual 

flow 

Ut i 1 i s 
flow 

able Approximate 
present 
utili sation 
(1974 )' 

Indus Basin 

7.7 

4.6 

3.7 

Ganga Basin 

51.0 

25.0 

8.5 

Brahmaputra Basin 
(including Barak) 

54.0 

2.4 

0.5 

Mahanadi and other 
east flovang rivers 
uoto Godavari 

12.3 

9.1 

2.8 

Godavari, Krishna and 
other east flowing 
southern rivers 

22.5 

19.0 

7.3 

'.westflowing rivers 
south of Tapi 

21.8 

3.0 

1.1 

N arm ad a an d T a pi 

6.2 

4.9 

0.6 

west flowing rivc.-rs 
north of Narmada 

2.5 

2.0 

0,5 

t ot al ; 

178.0 

70.0 

25.0 

or 

180-0 



Of the utilisable surface 

waters, the 

Ganga 

basin has the 

maximum ootential followed 

by the God 

avari ^ 

and the Krishna, 
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The Mahanadi is another river which has considerable water 
available for use. For ensuring the utilisation indicated 
above, a number of additional measures would be necessary. 

On rivers with large unutilised flows, like the Ganga, more 
water should be used by diverting flood flow for irrigating 
crops during kharif season V\/hich woujd also increase groundwater 
recharge. Also, greater recharge of aquifers can be secured 
along rivers and streams by depressing the premonsoon 
groundwater table there through larger exploitation of 
groundwater. Wherever feasible, surplus waters in a river, 
such as in the Brahmaputra, the Ganga, and the west flowing 
rivers south of the Tapi, should bo utilised in other basins 
where there is paucity of water. This, however, w'ould in most 
cases involve considerable pumping and would bo somewhat 
expensive. All those possibilities need to be examined and 
con sidored , 

15,2,14 AS regards groundwater, the utilisable amount depends 
not only on the quantity of water available in an area but also 
its quality. Excluding exploitation of fossil water, the upper 
limit for exploiting groundwater would be the annual recharge 
including induced recharge reduced by whatever is lost by 
evapotranspiration and subsurface runoff or is otherwrLse 
unutilisable, Oa expansion of irrigation with new projects 
there would be more recharge due to seepage from canals and 
in spite of emohasis on lining irrigation channels, there 
would be a net increase in infiltration. In arid areas, 
groundwater is very valuable, in most situations, however, 
it is saline and in olaces unusable. With the new knowledge 
of plant physiology, soil science and modern irrigation 
techniques, it is possible to grow some selected crops with 
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rnodoratoly saline writer and secure reasonable yields, y/here 
good surface water is available in oiid areas either locally 
or by transfer from another basin, it can be utilised for 
diluting saline groundwater for irrigating a larger area. 

15.2.15 The available vjator resources in an area can be made 
to confer increased benefit through rouse and recycling of water. 
For oxamole, water received in a. drain from an irrigation 
system can be used for irrigation in areas lower down or oumpod 
back into the canal for reuse if suitable in quality. This is 
already being practised in certain rice areas in Kashmir valley 
and can possibly be adopted in flat rico areas elsewhere, say, 

in Kerala and Orissa. Using treated municipal waste water is 
especially attractive for irrigating certain crops on J.ands 
close to cities as the plant nutrients in. the sewage water 
ensure good yields. Recycling and. rouse of water in industries, 
with proper treatment, can a,l so extend usable water resources. 
Altogether the utilisable surface flows aggregate to about 70 
Mham and groundwater cibout 35 Mham. Not all this viator would be 
available for irrigation as there would bo demands for other 
purposes like municipal, i.ndustrial including thermal and nuclear 
power etc. 

Water Resources for Irrigation 

15.2.16 The quantity of water utilised in 1973-74 is of the 
order of 38 Mham of which about 35 Mliam has been for agricultural 
use. Although the percentage of utilisation for purposes other 
than irrigation is low at present, this is expected to rise 
appreciably in the future with increase in.dustrialisation and 
power generation through thermal and nuclear plants. Part of 
these requirements will have to be met with 5 oaw.ator by locating 
some of the industries .and power plants requiring large amounts 
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of cooling water on the sea coast. Also some requirement of 
fresh water in the coastal areas may be met by desalination 
of sea water. By 2025 A.O^ the requirements of fresh water 
for non-irrigation uses may amount to about 21 per cent of 
the available fresh viator. These demands would increase 
further beyond that period. It would be reasonable to expect 
that about 77 Mham of water would be available for irrigation 
out of a total of 105 Mham available for all purposes in 
2025 A.D. 

15,2,17 Irrigation as at present practised in the country is 
somewhat extravagant in the use of water. It takes on an 
average 0.65 hectare metre of groundwater to irrigate a cropoed 
hectare, and 0,90 hectare metre if the source is surface water 
as conveyance losses are higher. The two together give an 
average of 0,8 hectare metre per cropped hectare. On this 
basis, the available water resources would suffice for irrigati 
about 96 million hectares. On many canals, however, the supply 
of water is inadequate and crops do not receive the required 
amount of irrigation, Vticrever possible, water resources have 
first to be deployed to remove this deficiency. At the same 
time, on many irrigation systems the present mode of utilisatio 
of water is wasteful. On unlined canals in the alluvial tracts 
only about two-fifths of water released at the canal head is 
utilised by crops; the rest is lost in transit and in the 
field. Not all these losses can be eliminated, but obviously 
there is scope for saving vwter. For this, lining of channels, 
proper levelling of fields and the adoption of the most 
suitable mode of application of water to crops are important 
steps. The area which can be irrigated with a given quantity 
of water also depends on the cropping pattern. It is envisaged 



that with more scientific and economical use of v</ator in the 
future, the average water deoth for irrigating cropped area 
will imorove to about 0.70 metro. Taking the .various factors 
into account, the ultimate irrigation potential, for purposes 
of a broad assessment, m.ay b o taken to 'boaround 110 million 
hectares. This would ie about b2 per cent of’ the sown area o^ 
210 million hectares expected in the early part- of the next 
century as indicated in the next Section. in vievy of the 
inadequacy of water resources to r.;c;et the requirements, there 
need for a gre.at deal of efficiency and economy in ‘water use. 
It may be noted that the ultimate irrigation potential of 110 
million hectares nov<i estimated is substantially more than the 
81 million hect’ares indicated by the Irrigation Commission. 
That Commission had assume;! a water depth for irrigation of 
0.76 metres based on existing crooping pattern a gainst'0,70 
metres which‘WG consider c.an bc^ attained v.dth the cropping 
pattern suggested by us, dJso, tiie estimate of utilisable 
water resources now made is higher than that indicated by the 
Irrigation Commission, 



3 LAISD RESOURCES FOR IRRIGATIQM 


15.3.1 Viator and land arc amongst the most imoortant natural 
resources of the country. The two together arc basic to 
agriculture which is the major occupation of the people. Any 
appraisal of water resources for agriculture would, therefore, 
be incomplete without any examination of the quality, extent 
and availability of land to v;hich irrigation can be apnliod- 
for the maximum benefit, Vic briefly deal with it here to 

the extent it is relevant to the use of water resources, 

15.3.2 The geographical area of the country is 328 Mha, 

The reporting area for which the land use statistics are 
available is, however, only 305 Mha, In the reporting area, 
in the year 1970-71, the not sown area was 140 Mha and the 
total cropopd area 165 Mha. The gross irrigated area that 
year was 38,5 Mha. 

15.3.3 With passage of time, as development takes place in 
the various sectors of the economy there will be a shift in 
pattern of land use. However, bulk of the land will continue 
to be Used for raising croos and in fact some more will be 
brought under it. In the past, a good deal of forest area 
was deforested and made arable. The present forest area which 
according to land use statisties, is 66 Mho is only 22 per cent 
of the reporting area and is below that recommended in the 
National Forest Policy, No increase in arable area is, 
therefore, envisaged by any reduction in the forest area. 

Vi/ith the growth of population and industrial development, 
increasingly large amount of arable area will be occuoied 

by habitations, industries, roads and railways, etc. This 
loss of arable area could possibly bo made good partly by 
reclaiming culturablo waste and partly by reducing the amount 
of fallow land. It v;ould also be possible to bring under 

17 
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cultivation 50,710 do sort areas by providing irrigation 
facilities there'as is being done in -Rajasthan with Rajasthan 
canal. With the construction of largo rosorvoirs, river 
waterways would in gonoral shrink and some land on river bcanks 
v^ould bocomc available for cultivation as has haoponad on 
the Sutlej after the construction of Ohakra dam. With all 
the changes in the pattern of land use that are envisaged, the 
net sown area is expected to rise from 140 Mha in 1970-71 to 
only 150 Mha in 2000 A,D. and 155 Mha in 2025 A.D. The 
classification of area for the year 1970-71 and that -anticipate 
in the years 2000 A.n, and 2025 y\,D., the years considered for 
water resource doveloomcnt, .are given in Table 15.1 for 
ready reference. 

Tabic 15.1 

lassificntion of \roa 

(million hectares) 



1970-71 

2000 

2025 

geographical area 

328 

328 

328 

reporting area 

305 

318 

318 

for-f^st s 

66 

70 

70 

area under non-anricultural use 

16 

26 

36 

barren and unculturablc land 
(mountains, deserts and areas 
which can be brought under 
culturahle use at high cost) 

29 

30 

24 

permanent pastures and other 
grazing lands 

13 

J.5 

15 

miscollaneous trees, crops and 
groves not included in net sown 
area (thatching grass, casurina 
trees, bamboo bushes and other 
groves and trees for fuel etc.) 

5 

5 

6 

cult Ur able waste (not 
cultivated at ore sent for 

16 

9 

4 


the last 5 years or more) 
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1970-71 

2000 

2^5_ 

fallow lands other 
than current fallows (out 
of cultivation for 1 to 

5 years) 

9 

5 

3 

current fallows (not 
cultivated within one 
year for some reason) 

11 

8 

5 

not area sown 

140 

150 

155 

total cropped area 

165 

200. 

210 


15,3*4 There is already some multiple cropping in unirrigatod 
area. This is expected to increase, though only "to a small 
extent, due to soil moisture conservation measures and advancemeni 
in crop technology. The major increase in multiple cropping, 
however, will be in irrigated areas. But because of the total 
usable water resources being limited, the overall extent of 
multiple cropping will also be limited, although in pockets of 
abundant water its percentage maybe quite high. The intensity 
of cropping in irrigated, areas v;ould vary from state to state 
and for the country as a whole may increase from the present 
123 per cent to 142 per cent, Statewise details are given in 
Apoendiccs 15,2 and 15,3, The intensity of crooping for 
irrigated and unirrigatod area together is expected to increase 
from the present 118 per cent to 136 per cent. On this basis, 
the total cropped area in the year 2025 ;\,D. is likely to be 
210 Mha, 

15,3,5 The only areas whore land would be a constraint 
in the develooment of irrigation arc the Brahmaputra valley, 
and the coastal arocas along the Western Ghats, Elsov/here 
there is sufficient land to make full use of water that can 


be harnessed 



4 PAST DEVELCPME'^rr OF IRRIGATION 


15.4.1 At tho beginning of the 19th century, irrigation 
works includod innumerable wells 'll! over the country, a 
Inrge number of tanks in south India and several inund.ation 
canals in North India. Some of those tanks and canals were 
constructed centuries back. • Between 1836 and 1866, four large 
irrigation works were constructed in the country namely the 
Upper Ganga canal, tho Upper 3ari Roab canal and tho Krishna 
and Godavari delta systems. Those proved very remune^rative. 

In those days irrigation works wccv. treated as commercial 
undertakings. But the groat famine of 1877-78 gave the country 
a severe jolt. The First Famine Commission of 1880, set uo 

in tho wake of this catnstronho, ompho.sisod the need for direct 
■State initiative in the doveloom.ont of irrigation, oarticularly 
in tho vulnerable areas. . That year, a now c.ategory of umroductive 
works was■ introduced as a .famine relief measure. No 
comorehensivo plan of irrigation was, hovyover, formulated 
presumably because of the complacency engendered by the 
comoarativoly good agricultural years from 1880 to 1895. 

15.4.2 It was again the tragedy of i’amines in 1897-98 and 
1899-1900 that led to the setting ua of the first Irrigation 
Commission in 1901 to ascertain the utility of irrigation as 

a means of protection against famine, the extent of irrigation 
devclbomcnt and the scooe for further irrigation works. About 
this time the gross area irrigated from public works in British 
India was about 7.5 Mha of which 3 Mha was from minor works like 
tanks, inundation canals etc., for v/hlch no sooarato caoital 
accounts were maintained. The area irrigated by orotoctive 
w'orks was only a little over 0.12 j''4ia. Private works 
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irrigated 5.7 Mha^about 70 per cent by wells and the remaining 
from tanks* streams, channels, etc. The total gross irrigated 
area was 13.3 Mha. There was a spurt in orotectiyc irrigation 
works in the first two decades of this century. The total 
capital outlay on these protective works increased sixfold 
from Rs 2 crores in April 1903 to about Rs. 12 croros in April 
1921 while the overall outlay on irrigation v;orks, protective 
and productive together, increased only about tvjofold from 
Rs 40 crores in 1901 to Rs 79 crores in 1920-21. At the end 
of this period, the area irrigated was 10.4 Mha by public 
works and 8.9 Mha by private works in British India and 3.3 Mha 
in the former princely states, a total of 22.6 Mha. 

15.4.3 The Bengal famine of 1943 brought home the urgency 
of taking steps to face the recurring droughts and of 
increasing agricultural production to meet the needs of the 
growing population. The Grow llorc Food (GMF) Campaign was 
launched that year. It relied mainly on the development of 
minor irrigation works and the restoration of derelict wells 
and tanks for speedy results. The Famine Enquiry Commission 
of 1944 cmnhasised the need to greatly expand private works. 
This was in line with the recommendations earlier made by the 
first Irrigation Commission (1901-03) and the Royal Commission 
on Agriculture (1928). The construction of tubewells in the 
Indo-Gangetic valley and Gujarat, taken up in the thirties, 
received a good fillip, /uround 1945, the area irrigated from 
private sources in undivided India, excluding princely states, 
was 10 Mha,of which 4.4 Mha was frcxn wells. 

15.4,4 The progress of development of irrigation in 
British India in the current century prior to Independence 



is show in Table 15,2. 

Table 15.2 

Progress of Irrigation Development in 
UnbiviJed Indie, excluding Princely States 

(not irrigated area 
in million hectares) 


Year 

Public sector 

Private 

sector Total 

1900 

7.6 

5.7 

13.3 


(57) 

(43) 

(100) 

1920-21 

10.4 

3.9 

19.3 


(54) 

(46) 

(100) 

1945 

13.5 

10.0 

23.5 


(58) 

(42) 

(100) 


(figures in brackets indie 

ate percentage) 

15.4.5 

At the time of the 

Pa.rtition 

in 1947, the not s 


area in the country, including the princely states, was 1J6,8 
Mha. Of this 28.2 Mha or 24 per cent was irrigated. On 
Partition, 18.3 r.lha not sown area, of which 8.8 Mha or nearly 
half was irrigated land, went to Pakistan, Of the balance 
left with India, only 19,4 Mha or about one-fifth was irrigated. 
It called for tremendous effort to make up the leeway and 
meet the requirements of the growing poouletion through 
irrigated agriculture, 

15,4,6 i\ number of projects wore soon token uo after 
Independence, some of them quite Icorgo like the Bhakra- 
Nangal, the D ’modar Valley and the Mirakud, Mearly Rs. 00 
crores had already been soent on these projects before the 
First Plan in which many more projects, large and medium 
sized, were included, \ number of new projects were taken 
up in every succeeding plan. At the beginning of the 
Fourth Plan, the gross irrigated area from major and 
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medium irrigc'ition projects had risen from the pre-plan area 
of 9.7 Mha to 16.9 Mha, The anticipation for tho end of the 
Fourth Plan is 19.6 Mha, 

15.4.7 The Grow More Food Enquiry Committee recommended in 
1952 that in view of the relatively short time it takes to 

• 4 

construct thorn and utilise them fully, new minor irrigation 
schemes and repairing of existing ones should bo accorded a 
priority in the plan and funds earmarked for" them. Construction 
of tubewells was an imaortant item in the development programme. 

There has boon an increasing stress on minor irrigation, tho 

• « , 

pace being stepped up from plan to plan. The pace was greatly 
accelerated during the trionnium 1966-69 owing to tho failure 
of the south-west monsoon in most part of the country in the 
years 1965, and 1966, During this trionnium,about 1,57,000 
new tubewells wore constructed, 2,50,000 diesel pumpsc-ts 
installed, the number of electric pumps doubled to 10,89,000, 
besides improving a large number of existing wells by boring 
or deepening, 

15.4.8 Irrigation works dt^prociate with passage of time. 
Reservoirs and tanks suffer a loss of caoncity through 
siltation, strainers of tubewells deteriorate and their 
discharge gets reduced and some of the open v;clls fall into 
disuse. The reduction in irrigation due to depreciation 

has been less marked in the case of major and medium projects 

but has been substantial in the case of minor works. Tho 

* In the Report of the Irrigation Commission - 1972 - 
Classification of Irrigation Works has been described 
and discussed, Broadly, irrigation schemes which cost 
more than rupees five crores each have been classed as 
major schemes and those below that amount as medium 
schemes except that those which cost less than Rs. 25 
lakhs in the plains or Rs 30 lakhs in the hills have 
been classed as minor schemes. 



proQTGss of irriQGition, allov«rin(j for doprociafion, in major 
and modium and minor works is shovin in Table 15,3, 

Table 15,3 

Progress of Irrigation 



(gross irrigated^area in 
million hectares) 



Major and 
medium 

Min Or 

Total 

pre-plan (1950-51) 

9.7 

12.9 

22,6 

end of First Plan (1955-56) 

11.0 

14.1 

25.1 

end of Second Plan (1960-61) 

13,1 

14.8 

27.9 

end of Third Plan (1965-66) 

15.2 

17.0 

32.2 

end of annual plans (1^68^69) 

16.9 

19.0 

35.9 

end of Fourth Plan (1973-74) 

13.8 

23.5 

42.3 

15.4.9 In the First Plan, of 

the total 

public sector 



expenditure,, irrigation projects - major, medium and minor - 
had received a relatively large share, amounting to 18,7 per 
cent, primarily duo to the requirements of a fev/ giant 
irrigation orojocts which had already been committed, in 
subsequent plans, the share has ranged between 9.9 and 11,2 
per cent of the total plan expenditure. But recognising the 
importance of irrigation and particularly that of minor 
irrigation schemes, large amounts have been made availaole 
from institutional sources. Table 15.4 gives, planwise, the 
total plan expenditure in public sector, the expenditure on 
major and medium irrigation projects and that on minor 
irrigation projects. It also gives figures of additional 
funds made available for minor irrigation from institutional 
sources. These figures do not include the investment on 
ayacut development. 
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Table 15.4 

public Sector Expenditure on Irrigation 


(Rs crores) 


Plan 

Public sector expenditure 


Percen¬ 
tage of 
col 4 
to col 5 

Additional 
outlay 
for minor 
irrigation 
from 
insti¬ 
tutional 
sources 


Maj or 
and 

medium 

irrigation 

iMinor Total Total 

irrigation irri- all 

nation heads 
of 

develoo- 

ment 

(1) 

(2) 

(3) 


(5) 

(6) 

(7) 

First 

Plan 

380* 

66 

446* 

1,960 

18.7® 

Nil 

Second 

Plan 

380 

95 

475 

4^00 

10.3 

28 

Third 

Plan 

583 

270 

853 

8^77 

9.9 

100 

Annual 

PI an s 427 

(1966-69) 

314 

741 

6^.25 

11.2 205** 

(anticipated) 

Fourth 

•Plan 

1,253 

526 

1,779 

I6;20i 

11.0 

500 

* Includes Rs, 80 

crores 

incurred 

during the 

pre-plan 

period, 


@ dogs not take into account R 5 . 80 crores incurred during 
the pre-plan period. 

** In addition, there has been an investment on rural 

electrification of Rs 8 crores in the First Plan, Rs 75 
crores in the Second Plan, Rs 153 crores in the Third 
Plan, Rs 237 crores during the annual plans and Rs. 819 
crores in the Fourth Plan. There has also been privcatc 
investment on minor irrigation, which has been estimated 
to be Rs 450 crores in the Fourth Plan. 



5 GROUNDWATER 


15.5.1 The extent of groundwater varies from State to state. 
Generally, the alluvial tracts arc rich and the hardrock areas 
of the peninsula- poor in it. Odnrj to lack of sufficient 
dat?, a precise estimate of the country's groundwater 
resources has not yet been made. The Central Ground y/ater 
Board has, however, attempted a first aporoximation with the 
information and data so far available, and has placed it at 
27,00 Mham, of which 0,25 Mham in the saline areas is considered 
unfit for use. In Section 2 of tiiis chanter wo have indicated 
that on full devolooment of surface water resources and 
adoption of certain measures for increased infiltration the 
amount of usable groundwater 'which may ultimately become 
available would be of the ord-r of 35 Mham, Of this about 

26 Mham would bo available for irrigation, 

15.5.2 The needs and in consoqu..'nce the priorities for the 
development of groundwater resources vary from State to State, 

In several areas with abundant groundwater, intensive 
development of it is taking ol acc through various financing 
arrangements. There are alsoareas like Coimbatore district 
in Tamil Nadu, Mohsana district in Gujarat, Ludhiana district 
in Punjab, where due to over exploitation water table has 
been falling. In the coastal areas, uncontrolled development 
of groundwater is likely to result in irreversible saline 
infestations, /.ll those areas call for a speedy assessment 

of groundwater resoure./s so that those are exploited in a 
planned manner without running the risk of adverse effects, 

15.5.3 The expenditure on surveys and investigations of 
groundwater is only a small fraction of the cost of its 
exploitation. It is imaortant that these investigations 
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should not be allowed to suffer for want of funds. In the 
absence of an assessment of groundwater resources in a river 
basin or sub-basin, the preparotion of a master plan for the 
overall development of its water resources would not be feasible. 
In the hardrock areas, water balance studies should be taken 
up immediately in a few selected river basins of moderate size 
to evolve a methodology which could be applied to contiguous 
or analogous areas, 

15.5.4 The construction of a storage dam affects groundwater 
table both upstream and dovjnstream of it, We recommend that 
while planning for a storage scheme a careful st^udy should be 
made to find out, quantitatively to the extent possible, the 
effect of constructing the dam on the existing wells downstream. 

A fev; years after the construction, the study should be reoeate:^ 
on the basis of actual observations to check on the ossumotions 
made earlier, 

15.5.5 It is of utmost importance that all relevant 
information, particularly strata charts and drilling logs, 
prepared at the time of putting down drill holes for investigatior 
of production wells, is carefully tabulated, analysed and 
preserved for future reference, A good deal of money can often 
be saved by a study of such records in exploiting groundwater 

in an area. While strata Charts are being maintained for State 
tubewells in practically all the States, no such record is 
maintained by any department for the private tubewells. VJe 
recommend that in the Act that the State Governments may 
enact for the development of groundwater, there should bo a 
provision that the drilling agency which drills to depths 
of more than 30 metres must furnish a copy of the drilling 
log to the state ground water board for record and use in 
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subsurface geological maoping, it is further recommended 
that the state ground water boards should moke a systematic 
ottomot to secure cooi.s of logs of existing orivate deep 
tubewells for the same ourooso. 

Open V/ells 

15.5.6 Ooen wells have been in use in the country for 
irrigation from time immemorial. Their numbers increased as 
the cultivated area increased. Towards the end of the 
nineteenth century, 30 pur cent of the total irrigation in the 
country was from ooen wells, bulk of it in the groundwater-rich 
alluvial tracts. The first Irrigation Commission emahasised 
the importance of well irrigation and rocommendc^d bringing 

an additional area of 6.5 million acres under it. The Royal 
Commission on Agriculture alsc; laid stress on exoandinej well 
irrigation, with the Grow More Food Camoaign, launched in 
1943 after the severe famine of 1942, a large scale programme 
of ccnstruction of ooen wells was taken uo aided by Government, 
There have been significant additions to their number 
throughout the plans, the number risinn from 3,64 million in 
1956 to 4,47 million- in 1961, 5,11 million in J 966 and 
6,10 million in 1971, 

15.5.7 In recent years, a number of factors gave fillip 

to open well construction. The earlier construction of these 

deoended largely on a farmer's ov;n initiative and financial 

resource, assisted to a limited extent by taccavi loans. 

The introduction of high yielding varieties, encouragement 

of multiple cropping, an incentive- briented price policy, 

at 

whipped up in the cultivator the desire to ha^/o^his command 
an irrigation source from vA^ich he could water his crops 
at the right time and with the required (quantity. To a 
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cultivator this freedom of choice of time and quantity is of 
immense value. This he can get only by owning the source, 
whether it is an ooonv-/oll or a tubewell. Easy credit 
facilitirs from institutional sources have helped the' farmers 
a great deal in this matter. The rapid expansion of rural 
electrification which enabled the farmers to replace, to a 
considerable extent, the less efficient man or animal operated 
water lifting devices, by electric pumps has given the programme 
of groundv;ater development a further push. 

15,5.8 The nevj wells constructed during any period do not 
make an addition to the total number to the full extent, as 
during this period some wells go out of use. In areas where 
canal irrigation is introduced, some wells tend to go out of 
use no sooner the less expensive flow irrigation water becomes 
available. In many cases, the wells get restored on increase 
of intensity of cropping for which canal water may. not suffice. 
There can be several other reasons for open wells falling into 
disuse. The well sides may collapse and the damage may be 
beyond economic repairs. The groundwater table may drop 
leaving the wells dry. Fragmentation of holdings served by 
a well may leadto diluted responsibility for its upkeep and^ 
therefore,to indifference to its proper maintenance resulting 
in its dereliction. Disputes regarding the use of water may 
also lead to abandonment of a well. It would be desirable 
that States should make an enquiry into the causes where a 
substantial number of wells have gone out of use and evolve 
remedial measures so that the investments already made on 
these wells are not altogether wasted. If some credit is 
required for restoring an abandoned well, it should be 
provided, os it would generally be cheaper to restore an old 
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well than dig a new one. Also a new well means some area 
taken out of cultivation. The problem of abandoned wells is 
quite sizable. For examolc, in March 1971, of 1,111,000 wells 
in Madhya Pradesh, 615,000 were irrigation wells, 369,000 
domestic wells and 127,000 abandoned v./ells. Thus 11.4 per 
cent wells in the State were out of use. similar information 
for other States is not readily available but the broad pattern 
may not be different. 

15.5.9 Except for Punjab and Haryana and possibly Tamil 
Nadu and Karnataka, in all the States more wells are operated 
with indigenous water lifting devices like Persian wheel, 
charas, ipoat'i etc. than with pumps. In March 1969, there 
were about 4.09 million wells operated with indigenous lifting 
devices in the couotry and 1.66 million with pumps. Since then 
the number of the latter category has increased, but that of 
the former still predominates. Installation of a pump on a 
well is economical only if the area to be irrigated is not too 
small. A study conducted by the Indian Institute of socio¬ 
economic Studies, Bangalore, showed that it was not remunerative 
to install Dumosets on wells for irrigating less than one 
hectare in a season. A census taken by the Directorate of 
Agriculture, Madhya Pradesh in 1972, showed that in Indore 
district where 80 per cent of the v.'ells were fitted v/ith pumps, 
the average area irrigated per well was 1,54 hectare while in 
Surguja district where 98 per cent wells wore operated with 
indigenous lifting devices,.the corresponding figure was only 
0,13 hectare. The average for the State worked out to be 

0.88 hectare. 

15.5.10 There are several advantages in replacing indigenous 
lifting devices by oumps. VVherc the holding is not too small 
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and is more than, say a hectare, the bullock power thus released 
can be gainfully utilised for other purposes. It also saves 
the farmer some time as with a larger discharge of 25,000 
to 35,000 litres per hour which a pump generally gives, it 
takes less time to irrigate a field. V/ith indigenous lifting 
devices the stream size in the watercourse is generally small, 
a Persian wheel delivering only about 10,000 litres per hour, 
which leads to higher water losses not only in conveyance but 
also in-the field thereby requiring the lifting of a larger 
volume of water than with pumps. In areas where groundv;ator 
is not plentiful, the higher loss of water assumes added 
seriousness. However, it is not normally advisable to install 
pumpsets on wells with recuocration of less than about 120,000 
litres per day ^24 hours). On wells with low yields boring 
and deepening become necessary before a pump is installed. 
Tubewclls 

15.5.11 By far the larger number of irrigation tubewclls in 
the country are privately owned and tap shallov; aquifers. 

At the end of March, 1969, while there were only 15,000 State 
tubewells, the private ones numbered 246,000, though of smaller 
size. Table 15.5 sho'-s the details of the progress of minor 
irrigation programmes in the Plans; 

Table 15.5 

Progress of fAinor Irrigation (Groundwater) 

(number in thousand) 


Item 


Pre¬ 

plan 

First 

Plan 

wells in 

use 

NA 

3,624 

diesel pumps 

66 

123 

electric 

pumps 

21 

56 


End of 


Second 

Plan 

Third 

Plan 

i968-6‘9‘' 

Fourth 

Plan 

4,474 

5,111 

5,908 

6,841 

230 

465 

721 

1,752 

199 

513 

1,089 

2,442 
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End of 



Item 

Pre¬ 

plan 

First 

Plan 

Second Third 
Plan Plan 

1968-69 

Fourth 

Plan 

private tubewells 
including filter 
points 

21 

30 

49 113 

246 

782 

State tubewells 

3 

7 

10 13 

15 

21 


NA - Not available 


It would be noticed that the crowth of private tubewclls has 
been particularly noteworthy from Third Plan onwards. This 
rapid exoansion came in the wake of the sourt in the apolication 
of science and technology to agriculture. The use of seeds of 
imoroved varieties, fertilisers* pesticides and scientific 
methods of cultivation give increased economic returns if 
timely and adequate irrigation supolies are available. Private 
tubewells provide these. The stepping up of the programme of 
rural electrification and the provision of credit facilities 
have been the other contributory factors, private tubev/olls 
have certain advantages over State tubewells. A farmer having 
made an investment on a tubowell feels deeply interested in 
making the maxiumum use of it. If any oart of the equipment 
goes out of order, he loses no time in getting it repaired. 

Cn State tubewells, on the other hand, there arc at time 
inordinate delays in repairs duo to departmental procedures 
and indifference on the part of tubcwoll operator. The 
consequences become serious during periods of keen demand, 
15,5.12 State tubewells.generally tap deco aquifers and give 
on an average a discharge of about 135,000 litres per hour 
and cost about Rs. 1.5 lakh excluding cost of electrification. 
These irrigate a gross area of 80 to 100 hectares, the not 
irrigated area being about 20 per cent less. These are run 
for 2,000 to 3,000 hours per annum and have a useful life 
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of 20 to 25 years. Larger tubewc-lls uoto a capacity of 700,000 
litres per hour have also been sunk. Private tubewells are 
mostly shallow and have, a discharge of about 30,000 litres 
per hour. These are generally run between 500 and 1000 hoLirs 
per annum and irrigate 4 to 8 hectares. The life of shallow 
wells ranges between 5 and 15 years. In the delta areas, filter 
points with 10 "to 12 metre bore death and yielding less than 
25,000 litres per hour are in use. In the red soil area in 
South India, an open well gives a discharge of 70,000 to 
230,000 litres per day and has a useful life from 50 to 100 
years. The deep tubewells, because of the high cost involved 
and the skill and equioment required for them arc best undertaken 
by the State; all other groundwater devclooment should preferably 
be in private sector which would also orovide the farmers with 
greater flexibility in the use of water. They should bo 
assisted with credit facility, technical knowhow and equipment 
to the extent necessary. Private tubewells are smaller and 
run for fewer number of hours in a year than State tubewells 
and are, therefore, less economic in investment. Jointly 
owned private tubewells, however, would run for more hours 
than individually owned ones and should be encouraged, 

15.5,13 A recent innovation in Bihar is the low cost bamboo 
tubevjoll which irrigates 2 to 4 hectares, A large number of 
these were installed in the districts of Purnea and Saharsa 
and are reported to have given good performance for over 4 years. 
Those tubewells are operated with mobile diesel pumps which 
are available on hire also. For rapid exploitation of groundwater 
where shallow aquifers exist, those low cost tubewells hold 
promise, but only where there are no interfering clayey layers. 
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15.5,1-^- Tubowells can bo dioscl operated or electrically 
operated. State tubowells are mostly electrically operated 
but nearly a third of private tubowells are dio?sel operated 
notwithstanding the fact tliat electric pumps are cheaper both 
in capital and coerating cost. This situation has arisen 
because of inadequate and unsatisfactory suonly of power. 

The persisting shortage of power in most parts of the country, 
particularly in North India where groundwater resources are 
abundant, has hampered the rapid grov.^th of electrically 
operated tubewclls and farmers keen on having their own 
source of irrigation have turned to the more exocnsivo diesel 
pumpsets. Electric pumpsets arc generally trouble-free and 
easy to operate, but due to recurring low voltage in many 
areas motors have been getting burnt uo thus adding to cost 
and seriously interrupting irrigation. One advantage of 
dioso’l pumps is that they can be conveniently moved from one 
tubcwcll to another, and many farmers use a pumpset on more 
than one tubcwell thus saving on cost. Even sC^ the overall 
cost is much higher than for an electric pump, .t recent study 
(^Aarch 1972) of private shallow tubcwells made by the VVater 
Resources'D iroct orate of Punjab showed that the average cost 
per hour of running diesel operated tubewclls was nearly double 
that of the electrically operated ones. Since then the price 
of diesel oil has risen considerably and, therefore, the cost 
differential is now even greater. In view of the economic 
superiority of electric pumos, vjg recommend that power 
requirement for irrigation puronsos should be met on a priority 
basis and an unfluctuating and uninterrupted supply of it 
en sured. 
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15.5.15 As electricGlly operated tubewells and electric oumps 
on open wells are more economical than diesel operated ones, 

it is imoortant that the proqrammes of constructing power 
distribution lines and that of construction of State and private 
tubewells and the installation of pumos on open wells should 
be properly coordinated. In the event of the programme of 
power lines lagging behind, there would be little option with 
the farmers but to go in for the less economical diesel operated 
pumps. The present tendency of the farmers to orefer diesel 
pumos because of the shortage and unsatisfactory nature 
of power supoly, it is hoped, vjill disappear before long with 
the improvement in the power position, 

15.5.16 The present groundwoter development in the country 
is to a large extent uncontrolled. As a result there has been 
overpumping in several areas, creating serious problems. 
Overpumping results in permanent lowering of the groundwater 
table. The progressive depression of the watertable leads 

to increasing pum.oing head, reduced discharge and high costs 
making groundwater utilisation ultimately uneconomic. In a 
scramble for wate-r, people go in for larger and deeper well 
bores or soace the tubewells and open wells closer than they 
should. For example, in Coimbatore district in Tamil Nadu, 
where groundwater is extracted from the rocky strata by 
constructing largo open wells with bores made to tap water 
from waterbearing fissures and crevices, farmers have been 
vying v;ith each other in deepening these wells in an attempt 
to draw more v;atcr to their own wells. As soon as one well 
is so deepened, the neighbouring wells get affected and 
these in turn are deepened at considerable cost. In a 
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situation like this, the State must intervene and rationalise 
the extraction and distribution of the groundwater. In the 
coastal areas overextracti-On of sweet water can lead to an 
irreversible intrusion of saline water, 

15.5.17 The areas which have already boon noticed as affected 
by overpumping are; the coastal districts of Andhra Pradesh; 
Bihar Sharif area in Bihar; ,Anj ar-Khedoi and Viri areas of 
eastern Kutch and Mchsana districts in Gujarat; possibly 
Karnal district in Haryana; Ludhiana district in Punjab; 
Jhunjhunu district and Kharkar basin in Rajasthan and 
Coimbatore, Salem, Madurai and North Arcot districts in Tamil 
Nadu, In overexploited areas, apart from restricting further 
exploitation of groundwater for only domestic and industrial 
use, steps should be taken to recharge it by all oracticable 
means. The legislation for regulating and controlling the use 
of groundvyater is urgent in States where overexploitation is 
already in evidence, A Model Dill was circulated to the States 
by the Uaion Ministry of Agriculture^ in December 1970, The 
States should expedite the enactment, 

15.5.18 With rising demand for the use of groundwater and 

its increasing exploitation, the question of right to it arises. 
It is to be noted that all groundv/ater vests in the Government 
and that right to it cannot be acquired by prescription under 
the Indian Easement Act, 1882, Also, restrictions imposed in 
public interest on the use of groundwater by the existing users 
do not entail payment of any compensation , In any groundwater 
basin, the available groundv/ater, after allowing for non- 

1 Mow Ministry of Agriculture & Irrigation, 

* These legal aspects were conveyed to state Governments in 
the Ministry of Agriculture D.O,letter No.12-12/69-MIT, 
dated December 10, 1970, 
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agricultural requirements, should be deemed to oertain to the 
land and each holding, weighted in respect of the quality 
of the soil, should have a legitimate right to a prooortionate 
share of the water. Therefore, if a farmer constructs a private 
tubewell which yields more water than the share of his holding, 
then it should bo permissible for the farmers having contiguous 
holdings to avail of their share of tubewell water on payment 
of share cost. If surface water is available in the basin, 
that should be accounted for in apportioning the shares. For 
making such an apoortionment, it would be necessary to make 
an assessment of the water available in the basin, classify 
the land and lay down- norms, in the legislation for '’Groundvjater 
Control and Regulation" it would be necessary to make a provision 
for the sharing of groundwater by the entitled farmers. The 
sharing can be enforced in the same manner as canal water 
distribution is enforced through ’Warabandi*. The enforcement 
will, of course, have to be done by the organisation to bo 
set up for groundwater development as envisaged in the 
Model Bill. 



6 DEVELOPME^J^ OF WATER RESOURCES 
Certain Policies in Development 

15.6.1 Comprehensive planning of use of water resources: 

In view of the complete inajecuacy of water resources to meet 
the future agricultural and other requirements in many parts 
of the country, it becomes a matter of great national 
importance to conserve and utilise thom most judiciously and 
economically. As has boon pointed out in the Repott of the 
Irrigation Commission (1972), there has to be proper planning 
for water use and this has to be related to a defined area 

or region, A river basin, and in the case of large rivers a 
subbasin, is a natural unit for such a plan, as it has a 
defined watershed boundary and within it there is an 
interrelationship between the surface and groundwater 
resources. The river basin plan should present a comnrehensive 
outline of the development possibilities of the land and water 
resources of the basin, establish priorities in respect of^ 
v.'ator use for various purposes, inoicato the need for 
earmarking water for any specific purooscs and indicate i nter 
sc priority of projects. Those plans would require to be 
periodically reviewed and revised in the light of changing 
needs and availability as development advances. The Irrigation 
Commission has recommended that comorehensivc river basin 
plans should bo prepared. We strongly support this recommendation. 
Water Use for Irrigation 

15.6.2 Land and water arc the two most important natural 
resources of the country. The best use of the two together 
is necessary for the maximum benefit of the people. These 
two resources are not evenly matched in most parts of the 
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country and the one which is short becomes a constraint on the 
fuller use of the other. In the Brahmaputra valley there is 
not enough land to make full use of the enormous flows of the 
river and abundant groundwater. There arc some other areas 
also where water is plentiful. In such a situation obviously 
multi cropping is indicated to got the maximum production per 
unit area, and water intensive crops like rice and bananas 
can be grown, 

lb,6,3 In most parts of the country, however, water resources 
are insufficient to moot the irrigation requirement of the 
cultivated land. That being so, it becomes necessary to so 
utilise the available water in these areas as to secure "the 
maximu- crci) production pet unit of water, extending at the 
same time the benefit of irrigation to as many farmers as 
is technically and economically feasible. This requires the 
adoption of the b'est technique of irrigating the field, 
minimising waste of water in storage and conveyance and adoption 
of cropping patterns which, taking into account the constraint 
of limited irrigation supplies, would give the maximum benefit, 
lb.6,4 The hard-core drought, areas comprising^ about 16 per 
cent of the total geographical area of the country and having 
over 11 per cent of its population have a different sot of 
considerations in the use of their very scarce water resources. 
Here not only the rainfall is very scanty but its year to year 
variation is more pronounced than elsev;here. In a loan year 
of rainfall the hardship in respect of drinking viator greatly 
increases. Cattle suffer most both for want of drinking water 
and fodder. People of the area already economica.lly low down 

1 Report of Irrigation Commission (1972) 
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do not have the purchasing power to buy sustenance from 
elsewhere. Those conditions weigh in formulating the policy 
regarding the use of water in those area's. The highest 
priority in water use is indisputably for domestic purposes. 

The next priority may be given to .industries in view of their 
small requirement and greater income-generating potential. 

The remaining water should be utilised for agriculture and this 
is best done for growing water-thrifty crops and fodder for 
animal husbandry to secure the maximum income per unit of 
water. Also, the benefit of irrigation has to be prwided to 
as large a section of the community as is economically feasible. 
This implies keeping the irrigation intensities low and 
treating the irrigation vvorks as ’orotoct ive • , Hoedless to 
say that moisture conservation practices assume groat importance 
in these areas. It has to bo recognised that here irrigation 
with only local water resources must remain precarious and 
that dependable irrigation would be possible only with 
surface water brought in, even at a sacrifice, from other 
basins which have better water resources, When irrigation 
water is thus brought in, it should serve compact blocks. 

This is necessary in order to reduce the effect of advection 
which on a sunny day may extend upto 85 metres from its 
boundary in the irrigated block, where unless compensated by 
additional dose of irrigation, yields would be affected. The 
blocks should be dispersed over a large area to benefit large 
number of farmers. It would bo a good arrangement for 
farmers to have some irrigated and some unirrigated holding 

* Advection is the transfer of energy resulting from 
horizontal heterogeneity, source - Canadian 
Agricultural Engineering col, 9, 1967, 
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rather than a few having all the irrigated land. • In these areas, 
fewer v/aterings can bo given to crops than are required for 
maximum yields, but the depth of each watering should be 
sufficient to keep the. salts, if any, down the soil profile. 

15.6.5 In most parts of the country crops can be raised 
without irrigation during the rainy season. But where rainfall 
is inadequate or erratic yields are poor. If irrigation 
supplies are made available for timely sowing and making good 
the deficiency in rainfall, good yields can be secured. Often 
during a prolonged break in rain, a small suoport from irrigation 
supplies makes all the difference between crop failure and its 
successful maturing. Irrigation supplies can go a long way if 
utilised to supplement rain. For example, rainfed rice Is .grown 
extensively in the central region of the country comprising 
eastern part of Uttar Pradesh, Bihar, Orissa, Madhya Pradesh 

and the contiguous parts of Maharashtra. In most of this area 
good rainfall occurs only in tv^o months, July and August, while 
the crop requires copious water for four months. Given irrigation 
facilities to supolement rain water excellent yields can be 
secured here, particularly as this enables the timely and 
proper use of imuts like fertilisers, etc. In view of this 
we recommend that irrigation projects should be planned to 
irrigate maximum area during the rainy season by supplementing 
rain, 

15.6.6 Evaporation and transpiration losses are lowest 
during the winter months and are highest during the four 
months of April to July, During the hot season, therefore, the 
use of irrigation supolies is less economic than in the rest 

of the year. It is, therefore, advantageous to bring as much 
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area as possible under irrigation during the winter months 
or the eight months excluding hot weather, it is reccsnraended 
that this aspect should be borne in mind in planning irrigation 
projects. 

Conjuctive Use of Surface Y/ator and Groundwater 

15.6.7 There are tracts in the country notably the Indo- 
Gangetic valley, th'at arc rich in both surface water and 
groundwater and it becomes a matter for consideration as to 
how best the two can be utilised for irrigation. Surface 
water is more susceptible to vagaries of rainfall than 
groundwater; the latter, in consequence, is more deoendable. 

In most areas, surface water is more olentiful than groundwater, 
but c:)n many canals the supplies ore erratic and inadequate. 

For modern agriculture v;ith high value inputs, it is important 
that irrigation supplies should ■)c adequate, timely and 
dependable. It is in this context that supplemental irrigation 
with • groundv^ater has been finding increasing favour in existing 
canal areas, 

15.6.8 There are several yyays in which the combined use 
of surface and groundwater can be made in canal commands. 
Groundwater can be fed into canals to augment their supplies, 
as has been done in Haryana, It can be used directly for 
irrigation during periods of low canal supplies or canal 
closures, as also for irrigating pockets in a canal command 
especially where the terrain is uneven, Tubevyells for augmenting 
canal supplies have to bo State owned since canals are State 
owned. Those f'or irrigating high patches in canal command 

can be State owned or privately owned. 3ut for supplemental 
irrigation in canal irrigated areas, groundwater is best 
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exploited by farmers themselves cither by sinking private 
tubewells or installing pumos on open wells. Canal water 
charges, with few exceptions, are very low and cultivators 
find it advantageous to use canal water to the extent available, 
pay for it and save on pumping cost. In all canal command 
areas wherever suitable groundwater is available, farmers 
should be encouraged to harness it by assisting them with 
credit facilities, technical advice where required, and in 
the actual execution of their schemes. Those matters are 
dealt with further in a later portion of this c'^aP'ter, 

15.6.9 In our Interim Report on Modernising Irrigation 
Systems, we pointed out that there was ample economic 
justification for investment on groundwater in canal serve: 
areas, and had recommended that there should be an organised 
attempt to_ encourage it, -In this connection we further 
recommended that the existing restrictions in exploiting 
groundwater in tho canal commanded areas should be reviewed 
with a view to relaxing them to the extent feasible in the 
interest of larger conjuctive use of surface water and groundwatci 
and increasing the scope of irrigation, 

15.6.10 There are several areas in the Indo-Gangetic plains 
and the red soil tracts of the peninsula where water may not 
be available in the rivers or streams for rabi irrigation but 
where kharif irrigation can be provided with rainy season 
flows by constructing barrages and kharif canal systems. 

Apart from giving a good kharif crop, this irrigation would 
augment the groundwater in the area which can later be 
utilised for some rabi irrigation through shallow tubewells 
or open wells. If the kharif supolies are utilised for 
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irrigating rice crop, the resulting groundvjater charge would 
be greater and more water would'c available for rebi irrigation 

This would be a good conjuctive use of surface and groundwater, 

* 

As no expensive storage dams would be involved in this 
arrangement, the khari f irrigation would be relatively 
inexpensive. The economics of this conjuctive use would, in 
most cases, be quite , sound. Vi/e rocomm.end, therefore, that 
schemes for such conjuctive use should be investigated and 
where found economically sound taken up for implementation. 
Irrigated Plantation 

15.6.11 In low rainfall regions of the country, the paucity 
of soil moisture during most part of the year inhibits tree 
growth, m these areas, there is shortage of water not only 
for irrigated agriculture but also for horticulture, plantations 
and other uses. The sparse tree grovjth results in shortage 

of fuelwood, small timber and tree fodder. This, in turn, 
creates pressure for exploiting whatever trees are there. 

These get heavily lopped and often felled before they are' 
fully mature. This destructive process has to be arrested by 
meeting the demands in an organised and orderly manner. 

15.6.12 In formulating irrigation schemes, it is seldom 
that a thought is given to raising irrigated plantation. 

There seems to be a general impression that it is uneconomic 
to provide irrigation to woodlots. Raising of irrigated 
plantation has to be considered not only from a commercial 
angle but also for meeting a very important pressing need. 

If fuelwood is not available in an area, people would 'jo 
driven to use cowdung and whatever other combustible material 
they can lay hands on for meeting their fuel needs. Also, 
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it should not be assumed that raising irrigated plantation 
is unrernunerative, In Gujarat State, at Vatva an enterprising 
and progressive farmer planted eucalyptus on about two 
hectares of irrigated land, growing cotton in-between the lines. 
He has since then extended these plantations and covered about 
32 hectares of irrigated land. Ho expects to extract small 
size timber when five years old and hopes to make an earning 
of over Rs 5,000 per hectare per annum. In Haryana, irrigated 
plantations have been raised in an area of about 4,000 
hectares in Saraswatipur. This is an outstanding example of 
irrigated plantation in a low rainfall area . 

15.6.13 in the irrigated areas of north India and elsewhere 
in the low rainfall areas, several species can be suitably 
raised depending on the site conditions. Those are mainly 

sissoo , Morus Al bizzia Icbbek , Mali a ezedarach , 

P oplars , Trewia nudiflora , Acacia arabica . Eucalyptus h ybrid 
etc. There is very little information on the water requirements 
of these species. This is a matter which needs investigation 
to ensure economic use of irrigation supplies for the purpose. 
Trees do not need irrigation throughout their life. Cnee 
well-established, they can tap the subsoil moisture effectively 
because of their deep root system. Normally, it is necessary 
to water the plants only in the initial two to three years, 
though subsequent watering would promote their growth, in 
Pakistan, pal^er_ 2 i^a sissoo and Moru s alba plantations have 
been irrigated only from April to October, in the cooperative 
experiments carried out at Chichawatni and Khancwal, both 
in Pakistan, irrigation delivered to plantations ranged 

t 

between 60 to 90 cm delta. 
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15.6.14 VVe recommend that in formulating new irrigation 
projects particularly in low rainfall areas, an attempt should 
be made to create irrigated olantations in compact blocks. It 
might be mentioned that blocks smaller than 200 hectares 
become expensive in supervision, fencing and exploitation. 

The irrigation charges can be per watering or per season and 
need to be kept reasonably low as a promotional measure. The 
area of irrigated plantation would normally be a small fraction 
of the total command area in a project, 

investigation and Project Formulation 

15.6.15 The scope of an irrigation project is determined 
primarily by the quantity of water that is available for the 
purpose. To ascertain that, rainfall, river discharge and 
ground water data have to bo compiled and analysed for a fairly 
long period, say, 30 years. Where observed data for a 
sufficiently long period are not available, the margin of error 
in project formulation is more. Considering the long period 
for which data are necessary, it is important that sufficient 
observation stations should be sot uo without loss of time in 
all river basins whore these are inadequate. The investigations 
of an irrigation project have to be thorough and must nut bo 
abridged or curtailed in an endeavour to produce a project 
report speedily. That can lead to infructuous expenditure and 
delays during construction. Also-, the best alternative might 
not get adopted in a hurriedly commenced project with incomplete 
investigations. It has to be borne in mind that it is not 

the date of commencement of a project but the date of accrual 
of benefits that is important. The cost of investigation of 
a project is only a small fraction of its construction cost. 
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It is generally loss than one per cent for a storage dam and 
less than five per cent for an irrigation system worked out 
in detail. Investigations, however, take a fairly long time. 

It is, therefore, important that a number of fully investigated 
projects should be kept ready to choose from to suit the 
availability of resources and fulfilment of other considerations, 
15,6,16 Hitherto, reports on irrigation projects have been 
prepared in two parts, viz.^engineering works right from the 
storage or diversion works to watercourses and including drains, 
and command area development. It is obvious that unless the 
development of command area is also completed, full benefits 
cannot accrue from the project. The Command Area Development 
Programme, however, pomorisos some one-time items of work such as 
land-levelling and shaping, construction of watercourses, field 
channels and field drains, and other programmes concerning the 
Departments of Agriculture, Animal Husbandry, Forest, Fisheries 
and cooperation. In view of the diverse nature of works 
involved in command area dcvolooment, we recommend that an 
irrigation project should be formulated in three parts as 
undeT;- 

Part I - all engineering works from source of 
supply up to .outlets, and drains. 

Part II - all engineering works in ’ihe command area 
comprising land levelling and shaping, 
construction of watercourses lined or 
unlinod, field channels, field drains 
and farm roads, 

• 

Part III - all other items pertaining to agriculture, 
animal husbandry, forestry, fisheries 
and coopcrat.ion. 

The project report shouldhe considered for sanction in its 
entirety and not in parts. The project report should also 
identify the critical areas in the catchment that would require 
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treatment on a priority basis in order to reduce silt yield 
from those areas, but -die cost of their treatment need not 
form oart of the irrigation oroject, 

15,6.17 For Part I of the Report, meteorological data have to 
be compiled and analysed, hydrological observations carried 
out and computed, cpoloqical and topograohical investigations 
undertaken, preliminary soil surveys done and other explorations 
and investigations necessary for olanning and designing the 
engineering works made. For Part II, contours .have to ’je 
plotted on largo scale village maps, drainage linos and other 
topographical details shewn and detailed soil surveys Undertaken. 
For Part III, enquiries have to ho made in respect of the 
present st.atus of the relevant items and proposals drawn up 
for their development and expansion, setting down the measures 
that would need to be taken, in Chapter 16 on Command Area 
Development, we have discussed in some detail the various items 
pertaining to Parts II and III and have indicated the 
organisations which v;ould be appropriate for dealing with them. 
Here we wish to emphasise that it is of utmost importance that 
investigations of all the items for the project report are 
undertaken simultaneously. ' Normally the Irrigation Department 
has to carry out reconnaissance and preliminary in vest igativpn s. 
But once the decision is taken to prepare a project reoort all 
the concerned departments should be immjee'iately notified of it 
so that they in turn organise the investigations wHich they 
hove to make. In the past, in mast cases, this was not done 
and investigations pertaining to parts II and III wore taken 
up much later than those for Part I. In several cases Parts 
II and III received attention only after construction of Part I 
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commenced. This resulted in an inordinate delay in the utilisation 
of irrigation supplies on water becoming available at the 
outlets. This lag has been responsible not only for poor 
production in the project areas during the initial years, but 
also for damage to the soil in the command area by the water 
allowed to run to waste, We are glad to note that the 
Planning commission has already advised all the states that, 
from April 1975, only projects formulated cornerehensively on 
the above lines would be accepted for consideration. 

Reduction of Water Losses 

15.6.18 Lining of Channels: In our Interim Report on 
Modernising Irrigation systems we drew attention to the need 
and importance of liningthannels to save water for extending 
irrigation, whore economically feasible. In 1960, at a symposium 
on canal lining, it was stated that by lining channels, enough 
water could be saved to irrigate an additional six million 
hectares. Many more unlined canals have since been constructed 
and the scope of lining is now larger than before. No fresh 
appraisal of the scope has since been made. But oven assuming’ 
that the above stated figure is somewhat optimistic, it is 
obvious that the scope for saving water is large indeed, 

15.6.19 It has been roughly estimated that a third to 

a half of the seepage water from channels gets absorbed in 
the top layers of adjoining soil and is lost through 
evaporation and transpiration. Of the remaining quantity 
that reaches the groundwater table, only about 70 per cent 
Can bo drawn out locally. The rest regenerates itself 
elsewhere where it may or may not be utilisable. Thus, only 
a third to a half of the seepage loss can be retrieved by 
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pumping. Against thist in most cases lining would save about 
80 per cent of tho loss. Studies have shown that the capital 
cost of a pumping scheme v'/ould ho about the same as, if not 
more than, that of lining channels to save that quantity of 
water. But the cost of pumping would b-oconsidcrablo. It 
may, in a period of two years, be as much as the total cost 
of lining tho channels. Thus both from consideration of cost 
and tho quantity of water saved, lining is to be preferred. 

In remodelling an unlined irrigation system, if lining would 
affect tho existing wells and tuhewells, its economics should 
be carefully examined taking into consideration tho reduction 
in the value of the investment made on them arising from the 
impairment of their caor.city. 

15.6.20 It is not always possible to orovide lining to 
channels once these are opened for irrigation, particularly 
the larger ones carrying v/ater for the greater part of the 
year. Lining of channels should, therefore, be considered 

at the project formulation stage. In determining tho economic 
of it, not only the current value of water, but its value 
years hence when new water resources 'would eecome scarce, 
should be considered, keoping in viev; that lining of the largo 
channels later may not at all be feasible, 

15.6.21 A large variety of lining materials have l:son tried 
in the country. Amongst those maybe mentioned situ 
concrete, precast concrete slabs, stone masonry, brick 
masonry, asbestos cement or clay tiles, asphaltic concrete 
or membrane, bentonite, films of plastic, rubber or other 
synthetic materials, etc. Cement mortar protected by brick 
tiles has been extensively used in North India. E^'^ch type 
has its advantage and limitation and no particular type can 
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bo considoro:^ suitable in all situations. Impermeability, 
strength, durability, ease of repair, ready availability and 
cost are the more imoortant considerations in the choice of 
lining material. Lining should be able to resist damage from 
farm animals, rodents and weed growth, A recent innovation 
which ha^een tried v/ith successful results in Australia, USA 
and certain other countries consists of dissolving an oil based 
material (trade name SS 13) in water to form an emulsion and 
letting it soak,into the channel bed and sides, compartment by 
compartment. The emulsion forms a colloidal substance in the 
soil in a thickness of about a metre and renders the channel 
i^irly impervious. The cost compares favourably with other 
methods of reducing seepage. Soil compaction is yet another 
technique recently introduced for reducing seepage losses, 
15,6,22 in general, seepage losses on small channels are 
relatively greater because the ratio of wetted area to volume 
of water carried is higher. It might be stated that depth of 
water in a channel has only a marginal effect on the rate of 
percolation, poor maintenance so common on the smaller channels 
and in many cases, rat holes add to the losses. The lining 
of smaller channels, therefore, bestows greater benefit and 
is easier to carry out. But it can be argued that the smaller 
channels generally run for less time, which counters those 
advantages to some extent, A recent report on the Dhorighat 
Pilot Project for Soil and Water Management in Azamgarh district, 
Uttar Pradesh, brought out that in that project area it was not 
economical to line field channels which served an area of less 
than 6 hectares or which ran for less than 400 hours in a year. 

In working out the economics of lining channels, both their 
size and running time are important considerations besides 
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the permeability of the bed and side material, 

15.6.23 For distributing water to the fields, the use of 
underground pipelines has several advantages and is being 
increasingly adopted by farmers in several States. V/hen 
properly, laid and made leakproof, the pipelines require little 
subsequent maintenance. Unlike v^/ater courses’ and field 
channels, these offer no obstruction to farming operations. 

As these can operate under some pressure, these can oq laid 
on undulating terrain without having to follow a contour or 
requiring levelling of land. These are particularly suitable 
for areas served by wells or tubev^ells. Pipelines cost more 
than lined water courses, but in many situations the saving of 
high value land, low cost of maintenance anr adaptability to 
uneven terrain make them amply worthwhile. Where land cost 
is Rs 15,000 per hectare or more, it would be desirable to make 
a comparative study to see whether pipeline would not be the■ 
more economical means of conveying water apart from its 
other advantages, 

15.6.24 The lining of water courses has a good employment 
potential spread over a large rural area, A hectare of irrigated 
land normally requires about 75 metres of water course. If 

half of the irrigated area of 20 Mha at present served by 
major and medium irrigation projects is to have lined v;ater 
courses, about 750 thousand kms would have to be lined. This 
would cost about Rs 600 to 700 crores at 1972-73 price level 
and provide employment of more than a million man-years. 

15.6.25 O/ing to financial and other constraints, it may 
not always be feasible to take up at one time the lining of 
all the channels which may need it and work may have to be 
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phased. The Commission recommends that in such a situation the 
priority should be as under: 

(i) On new projects and projects being remodelled, 
channels which are designed to run constantly 
or most of the time should be preferred because 
of the difficulty and in some cases unfeasibility 
of lining them later once they are opened for 
irrigation, 

(ii) ^ existing projects, the smaller channels 
including water courses should be preferred 
for reasons give in paragraph 15.6.15, These 
lend themselves better to the spreading out of 
the programme over a larger area and longer period, 

15.6.26 For deriving full benefit of lining water courses, 
certain other steps need to be taken in advance or concurrently. 
Lining is best taken up in conjunction with land imorovement 
and consolidation of land holdings, so that the water courses 
may be realigned to suit any changed disposition of land 
holdings and the new levels of reshaped land. In fact, the 
programme of lining should form part of a wider programme of 
improvement of agriculture in an area. 

Reduction of Evaporation Losses in Reservoirs 

15.6.27 In a storage irrigation scheme, there is considerable 
evaporation loss from the reservoir. The loss from a unit 
area of water surface varies from place to place and month 

to month as it is governed by temperature, radiation, humidity 
and wind velocity. Evaporation in the hot months of May and 
June can be two to five times that in the winter months of 
December and January, The annual evaporation can be 350 cm 
to less than 150 cm, depending on the place. For a given 
quantity of impounded water, the percentage loss would be 
higher if stored in a shallow reservoir than in a deep one, 
15,6,20 In areas whore evaporation losses from reservoirs 

are particularly high, and these are the areas where water 



54 


is most precious, attempts have to be made to reduce this 
loss. Experiments have been under v/ay in several countries 
like Australia, Brazil, Israel, USA and also at a number of 
research stations in India, on the use of substances like 
cetyl alcohol as an evaporation retarder. These substances 
form a monomolecular layer when spread over the surface of 
water. But they are usually too weak to withstand surface 
winds. In more recent experiments made on small reservoirs 
in Western Australia, Rhodesia and South Africa, with tablets 
of polystyrene foam covered with protective paint, better 
success is reported to have been achieved than with monomolecu 
films. It is important to intensify research on evaporation 
retarders with newer materials and techniques in order to make 
the saving of water economically worthwhile. This would be 
a suitable subject for a multidisciolinary research project, 
sponsored centrally, 

15,6,29 The manner in which a storage reservoir is operated 
has a bearing on its evaporation loss. The rate of evaporatioi 
is highest during the hot period before the rains. The smallej 
the quantity of water in the reservoir during this period the 
lesser is the evaporation loss from the reduced water sjurface. 
In larger reservoirs space is invariably provided for dead- 
storage and the reservoir is seldom depleted below this level. 
Even if no water is retained in the reservoir for irrigation 
during the hot weather, there would be evaporation loss from 
the dead storage area. This would, however, be smaller than 
with water in the reservoir for irrigating hot weather crops. 
The difference may not be large. Also it would appear 
desirable that in most reservoirs water should be carried over 
through hot weather for raising nurseries for timely sov/ing 
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of ricG for better yields, or for timely sowing of such other 
crops as can later be sustained by rain alone, v^iere a reservoir 
has to be operated also for power generation, carrying water in 
it through hot weather becomes inevitable. But a very large 
number of tanks in the country get almost completely depleted 
before the rains come to fill them again, Cn some of these, 
water is carried through hot weather, either for raising hot 
weather crops or providing irrigation to perennial crops. In 
view of .the heavy evaporation losses during these months, the 
economics of this mode of tank operation should be carefully 
examined. It may be advantageous in such cases either to 
change the cropping pattern and possibly crop species or make use 
of groundwater, if available. 

Tank Irrigation 

15.6.30 According to available estimates, at the commencement 
of the planning era there were about 5 lakh tanks in the country, 
of which about 46,800 had a command area loss than 40 ha each. 

These tanks are mostly located in Andhra Pradesh, Karnataka, 

Orissa, Tamil Nadu and West Bengal, In 1950-51, the net area 
irrigated from tanks recorded was 3,6 Mha and this increased 

to about 4.5 Mha by 1956, This has remained more or less steady 
since then. 

15.6.31 Many of the tanks are in a state of disrepair mainly 
because of silting of beds and breaches duo to inadequate 
surplusing arrangements or bad maintenance. There are thr- e 
agencies responsible for maintenance of different tanks viz,, 

{a) Gnvernment, .(b) panchayoti raj institutions and (c) individuals. 
In the case of departmental maintenance, the annual maintenance 
grants often fall short of the requirements and even these 



are not judiciously utilized in every case. The erst\A,'hile 

♦ 

Madras State {now Tamil Nadu) had evolved a system of routine 
inspection of tanks called tVie circle system. Under this 
system, each tchsil was divided into a number of circles 
and engineers made a detailed inspection of each tank in the 
circle by rotation at a frequency of once in five to six 
years and carried out the necessary repairs. There is need 
to introduce a system of this tyoe in all the States which 
have fairly large tank irrigation. 

15.6.32 In Tamil Nadu, there is a legislation cglled the 
Madras Compulsory Labour Act 1050 (Kudi Marammath Act) to 
legalise compulsory labour for certain maintenance jobs. In 
the prevailing circumstances, neither the government nor the 
local bodies are in a position to enforce such regulations. 

The entire maintenance work has, therefore, to be carried out 
on payment basis, where panchayats are responsible for the 
maintenance of tanks, they should raise sufficient financial 
resources through water charges for satisfactorily maintaining 
the tanks and should employ sufficient staff for the purpose, 

15.6.33 In some States, for example, in Chota Nagpur region 
and Santhal Paraganas of Bihar and Chattisgarh region of Madhy 
Pradesh, although on abolition of zamindari the rights in 
respect of ex- malguzari tanks vested in Government yet the 
beneficiaries had permanent irrigation rights by virtue of 

a legal document called 'Fard-abpashi' in Bihar and 'Wajib- 
ul-arz’ in Madhya Pradesh. The beneficiaries always claimed 
irrigation rights without in any way being under an obligation 
to the Government. Government has thus been finding it 
difficult to undertake renovation and regular maintenance 
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of such tanks because even after incurring expenditure it has 
not been able to levy water charges on the beneficiaries. 

There is need for a suitable legislation to remove this 
anomalous position; 

Intensity of Irrigation and Channel Design 

15.6.34 Intensity of irrigation, in irrigation parlance, is 
the sum total of the area irrigated under different crops in 

a year expressed as a percentage of the culturable commanded 

area. The intensity which can be attained with a given quantum 

of water, depends on the duration of the crops irrigated, the 

number of waterings given and the mode of application of water 

in-the field. Thus, a single long duration crop may require as 

much water as two crops of short duration. In the case of the 

latter, the intensity would be twice that for the former. 

If the fields arc level and well prepared, and irrigation is 

done in a most suitable manner, or if sprinkler irrigation is 

used, then with the same quantum of water, a larger area can 

be irrigated and higher intensity attained. In many areas 
in a state because of their location in respect of water 

resources, or the paucity of water,crops have to remain rainfed, 

Cn the other hand, in pockets of ample water supply, as on a 

good tubewell, irrigated crops can be raised practically 

throughout the year. Thus the local intensities in pockets 

can be well over 200 per cent, 

15.6.35 In the past, on several irrigation projects having 
high water allowance, waterlogging was experienced. But if 
groundwater and surface water wore developed side by side, and 
proper drainage v/ere provided, this danger would have 
disappeared. It is envisaged that in the future development 
of water resources for irrigation, there would be conjunctive 
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exploitation of both surface water and groundwater. Where 
the possibilities of groundwater development are meagre as in 
clayey and black soil areas, it becomes imperative to provide 
adequate drainage to obviate the ill effects of irrigation, 
15,6.36 The adoption of high intensity in ^a project makes 
it more compact by reducing the commanded area and in consequence 
lowers the project cost. The conveyance v'ater losses are 
also reduced but if channels are lined, this does not remain 
a significant factor* High intensities enable the farmer to 
derive the maximum economic benefit from his land and provide 
continuous gainful agricultural employment. The raising of 
more than one irrigated crop in any area leads to the better 
use of inputs like fertilisers and improved implements and 
also of residual soil moisture from the previous crop, v/here 
area is limited and v^ater ample, the adoption of high 
intensities is obviously colled for. But if the available 
water can physically serve a large commanded area other 
considerations arise, A high intensity of irrigation in such 
a case would benefit fewer farmers but in a large measure 
than otherwise and that would accentuate social disparity 
in the farming community. Here the higher irrigation 
intensity would not give any increased overall production 
as the gross irrigated area would be determined by the 
available irrigation suoolies and not irrigation intensity. 

The irrigation intensities would vary from project to project 
and may range between 150 and 70 per cent on the basis of 
conjunctive use of surface and groundwater. Keeping the 
intensity lower than about 70 per cent would affect the 
viability of small holdings. 
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15.6..37 The basic considerations in planning irrigation'schemes 
have been Ihe cropping pattern, the intensity of irrigation and 
the duty of water which connotes the relation between the area 
irrigated and the quantity of water required to irrigate it. 

But once the project is constructed there is hardly any 
enforcement of cropping pattern or irrigation intensities. These 
emerge from the farmer^s choice of crops determined by his own 
requirements and the profit he can make, and circumscribed by 
the available irrigation supplies, some restrictions on growing 
water intensive crops like sugarcane are, however, imposed in 
Maharashtra through block system of irrigation and less 
successfully on rice in south India through localisation. 
Restrictions become necessary v;here waterlogging and salinity 
are apprehended or for better use of irrigation suoplies. In 
areas with paucity of water resources it is inadvisable to 
grow water intensive crops like rice. For example, in Haryana 
with overall shortage of water for irrigation, the increasing 
trend to grow rice is not right and needs to be checked, as 
with the same quantity of water a much larger area ban be 
brought under other foodgrains thereby benefiting a large 
number of cultivators, some change in the pattern of irrigated 
crops is warranted in several other states also. For enforcing 
these, the State Governments should assume the necessary powers, 
15,6,38 Irrigation channels are designed on the basis of 
these concepts of cropping pattern, intensities and duties 
although different States use different methods and empirical 
norms. For example in Haryana, channel capacities are 
generally based on a water allowance at outlets of 0,20 
oamec per 100 hectares (2,75 cusecs per J,000 acres) of culturable 
commanded area. Punjab and Rajasthan follow a similar procedure. 
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in Uttar Pradesh, the discharge at the distributory head is 
worked out by dividing the irrigable area by 96 for r ab_j^ and , 
a smaller factor for rice. In Andhra Pradesh, Karnataka and 
Tamil Nadu, duties for. Various crops are adopted on the basis 
of past experience. 

15,6,39 The above methods of designing irrigation channels 
are somewhat outmoded in the context of advanced tebhnology 
in agriculture and irrigation practices and require soohistication, 
It has to be appreciated that neither the value nor the 
requirement of irrigation is uniform during the growth 
period of a crop. For rice the water requirement for puddling 
before transplantation is substantially higher thari in subsequent 
stages and for good yield the transplantation has to be 
completed in a period of about four to six weeks. For wheat, 

'•kor’ watering, which is needed three weeks after sowing at 
crown root initiation stage, is crucial and this should be 
completed in a period of about six weeks. In concentrated 
sugarcane areas, the crop requires irrigation at two to three 
week's interval. This requirement is maximum in the months 
of May and June when the rate of evaootranspiration is the 
highest, in cotton area there has to be sufficient sunply to 
enable the crop’to be sown in a reasonably short period of 
about four weeks. Thus, the channel capacities have to be 
such as would meet the maximum water requirement of the 
dominant crop at any stage along with the irrigation requirement 
of other crops that may be on the ground. The actual irrigation 
requirement in an area depends upon several factors, such as 

the tyoe of soil, climate, contribution from effective rainfall, 

% 

if any, crop typo and its duration, etc. These vary from 
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project to project. Therefore, a uniform norm for channel 
design in a State cannot be a satisfactory basis. It is 
recommended that, in future, irrigation channels should be 
designed keeping in view the considerations discussed above. 

The Agriculture Department should squarely take the respon ability 
of indicating the requirement of water during different periods 
of the crops to be irrigated keeping in view the limitation of 
supplies. If necessary, experiments should be undertaken by 
that Department to fill gaps in the required information. In 
the process of designing, it may be discovered that due to an 

9 

overlap in crops in the field for a short period it requires 
an unduly large channel capacity to meet the irrigation requirement 
during that period. Such a channel would be both uneconomic 
in cost and unsatisfactory in operation. The difficulty can 
be overc®me to a large extent by adopting a cropping pattern 
or crop varieties which would eliminate the overlap. 

Ope ration of Irrigation System 

15,6.40 The operation of an irrigation system is governed 
mainly by the demands of the predominant crop, wheat and 
rice together account for more than 60 per cent of the gross 
irrigated area in the country. In the wheat producing States 
like Punjab, Haryana and Uttar Pradesh, more than 40 per 
cent of the irrigated area is under wheat. In the major 
rice producing states of Bihar, Tamil Nadu, Andhra Pradesh 
and VIest Bengal, the irrigated rice area in 197Q-71, was 
67 per cent, 71 per cent, 79 per cent and 90 per cent of 
the gross irrigated area respectively. In Maharashtra, 

Uttar Pradesh and parts of Bihar, there are concentrated 
areas of sugareane crop, similarly, in various, parts of 
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the country, there are concentrated areas of several other 
crops. Apart from the basic water requirement of each crop, 
the effective rainfall, and the texture and depth of soil 
have a bearing on the depth and frequency of irrigation. 

The Operation of irrigation channels has thus to be fashioned 
to cater to the requirements of water in each case, 

15.6.41 Irrigation schemes in the country arc of two types, 
namely, diversion schemes which draw their supply from the 
run-of-the-river, and storage schemes where the irrigation 
channels get their supply from a reservoir, Cn diversion or 
run-of-the-river schemes, the supoly of v./ater in non-rainy 
season is limited by the river flows which vary from year to 
year, Cn these systems, any additional requirement in a 
particular period of. crop growth can be met only from a 
supplemental source like groundwater, 3ut knowing the pattern 
of water availability in the irrigation channels, better 
results can bo secured by choosing crops and'varieties whose 
water requirements correspond more closely to the pattern of 
supoly. The Agriculture Department should^provide guidance 

to the farmors,in this respect, after ascertaining the pattern 
of availability of water from the Irrigation Deoartment, 

15.6.42 Ap irrigation system which receives its supply from 
a reservoir docs not suffer from the constraint of limited 
supply during periods of keen demand as a run-of-the-river 
scheme does. It, therefore, lends itself to better regulation, 
It, however, must have adequate control structures on the 
channels for the purpose. Some of the older systems with 
rice as the main crop arc deficient in this respect, Oa' 

seme of them when the canals arc opened, all the distributaries 
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and minors run simultanoously and during periods of slack demand 
a great deal of watei* is wasted. These canal systems should 
have proper regulators as in North India so that any channel 
could be closed when so required and channels run on a roster 
during periods of slack demand. It is to be mentioned that 
even in rice cultivation which usually makes liberal use of 
water, water economy is possible and, in fact, beneficial. 

The yield of rice improves if the field is kept drained of 
water for 4 to 8 days after tillering and flowering stages, 
which correspond to 40 to 45 days and 75 to 80 days after 
transplantation respectively. 

15.6.43 The importance of timely supply of irrigation water 
cannot be overemphasised, if the sowing of wheat is delayed 
beyond its proper period, the yield drops, in the case of 
high yielding varieties, the reduction may be about three 
quintals per hectare for the first three weeks of delay and 
a similar amount for each week's further delay. Likewise, if 
transplantation of rice is delayed by a month, a heavy drop 
in the yield of even up to 50‘per cent may‘ lake place. Yields 
get considerably reduced if water is not suaolied during the 
crucial stages of plant growth, such as emergence, seedling, 
tillering, pre-flowering, flowering and grain formation. 

The scheduling of irrigation suoplies should aim at,meeting 
those requirements on time. If these C£nnot be mot in full, 
the running of channels should conform to the more crucial 
stages of growth of the predominant crop. For instance, 
for wheat if only three irrigations can be given, the choice 
would be crown root initiation, jointing and milk stages, 
and for two irrigations, only the first two. 
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15.6,44 Cultivators need premonsoon supoly of water for 
raising rice nurseries for transplanting seedlings when rains 
come. On irrigation projects these nurseries are generally 
scattered all over the commanded area, supplying canal 
water to these scattered patches of land is quite wasteful. 

But if canals are not run to sunply water to these early 
nurseries, their raising is delayed till the monsoon sets in. 
This'delays the transplanting ooeration and yields are affected. 
If nurseries are raised in compact blocks, preferably in the 
head reaches of minors on a commercial scale either by 
Government or by cooperative societies, it can ensure economy 
in the use of water for the nurseries as only the portions 
of channels serving these need be run. Alternatively, the 
nurseries can be raised with the use of groundwater if that 
be available. Such nurseries provide better control on the 
quality of seedlings and on the application of fertilisers 
and pesticides to them. These also facilitate regulated sowing 
of seeds to suit the subsequent transplanting operation. It 
has been established that in the case of high yielding 
varieties of rice the seedlings have to be of an exact age 
at the time of transplantation. Regulated nurseries can 
provide these. It may be mentioned that it is not necessary for 
nurseries to be close to the fields where rice is to be planted. 
Rice seedlings can stand a couple of days of transport and 
handling without injury. The arrangement of having compact 
rice nurseries should prove commercially successful. It 
would leave farmers free to attend to other preparatory 
operations. This arrangement is recommended for adoption. 
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15.6.45 In diversion schemes from rivers in delta areas where 
rice is the main crop, the transplantation operation gets delayed 
if the monsoon is late or weak. This results in reduced yields 
from season-bound strains. The situation can be improved on 
rivers where storage reservoirs exist by having a standing 
arrangement for release of some water from tie reservoir for 
timely raising of rice nurseries whenever the onset of monsoon 

is delayed. This may squire some carryover in reservoirs. 

15.6.46 In an irrigation system fed from areservoir it 
becomes known with reasonable accuracy at the end of the rainy 
season as to the quantity of water that would be available for 
irrigation during the subsequent period. Based on this information, 
it should be possible to draw up a plan, in consultation with 

the Agriculture Department, for the best use of this water and 
to determine the area under various crops for v\^ich water tould 
be made available, A suitable schedule of running channels 
could then be drawn up. The information regarding the extent 
of area under the more important crops for which water would 
be available, and the tentative schedule of running channels 
should be widely made kno\Ma to the farmers of the area, so 
that they may plan their cropping and connected operations 
accordingly. The schedule of channel operation should be 
modified from time to time as the season advances to suit actual 
requirements. Every time a change is made, the farmers should 
be advised of it as much in advance as feasible, cn run-of- 
the river irrigation systems a precise schedule of canal 
regulation is not possible owing to uncertainty of river 
discharges. But even here a broad idea can be formed, from 
a study of the prevailing meteorological conditions whether 
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the supplies expected during the season would be more or less 
than normal* This information would be very useful to the 
farmers. In some states, there is already an arrangement 
for keeping the farmers informed about these matters. 



7 PERSEPECriVE OF IRRIGATION DEVELCEPMENT 

15.7.1 We have earlier discussed the water resources that 
are expected to be available for agriculture on their near 

full development by the year 2,025 A.D. These have been estimated 
to be of the order of 77 Mham. 3y that time the gross sown 
area in the country is anticipated to rise to 210 Mha from 
the 165 Mha sown in 1970-71. In order to make the optimum use 
of the available water resources, certain policies will 
need to be observed. Briefly, these are; 

i) making the maximum use of rainfall for raising 
crops, utilising irrigation for making.up 
deficiencies; 

ii) adoption of the most suitable cropping pattern 

from considoration of soil, climate and availability 
of irrigation supolies; 

*iii) making the most efficient use of irrigation 

supplies by minimising losses in conveyance by 
lining and adopting scientific method of 
irrigation on properly prepared fields; 

’iv) deployment of irrigation supplies for maximum 
overall production and not necessarily maximum 
yields; 

tv) reuse of water to the extent feasible; and 

vi) conjunctive use of surface water and groundwater. 

It is estimated that mth the observance of the abov'e guidelines, 
it should be possible to ultimately irrigate about 110 Mha, 
that is, 52 per cent of the gross sov^i area of 210 Mha, 

15.7.2 There is a wide disparity in the availability of 
water resources in the different states. The percentage of 
gross sown area that can be ultimately irrigated ranges 
between 17 per cent in Himachal Pradesh and 85 per cent in 
Punjab, On the basis of this percentage, the states can 

be classified into four groups as under; 
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Group I less than 35 per cent 

Himachal Pradesh, Meghalaya, 
Iv'aharashtra, Rajasthan, 

Madhya Pradesh, Gujarat. 

Group II - between 35 and 50 per cent 

Triaura, Karnataka, Tamil Nadu, 
Nagaland and Union Territories. 

Grouo III - between 50 and 65 per cent 

Andhra Pradesh, Manipur, Orissa, 
V'est Bengal and Haryana, 


Grouo IV - 65 per cent and above 

Assam, Jammu & Kashmir, Kerala, 
Bihar, Punjab and Uttar Pradesh, 

States in Group IV and to a 1' sser extent those in Grouo HI 


have a potential for good production. States in Group I and 
to a smaller extent those in Grouo II have less protection 
from irrigation and would, therefore, continue to be, exposed 
to the vagaries of weather. In those States, there would be 
greater need for protective irrigation, though the need would 
vary from state to State and in different parts of a State, 
Some relief in the drought prone areas is possible by bringing 


in water from other basins v;hich arc better endowed with 
water resources. It may, however, be pointed out that because 
of physical and economic constraints, the relief through such 
transfers, though worthwhile, would be relatively small, 

15,7,3 Statewise figures of the area sown and those of 
area irrigated in 1970-71 are now available. These along with 
the projections for the years 2000 and 2025 are given in 
Statements in Appendices 15,2 and 15.3. As a number of factors 
are involved in increasing the cropped and irrigated areas, 
it has to be recognised that the projections cannot be precise. 
But they do give a broad perspective of what might be 
expected in each State, 
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15,7.4 It has been earlier shown that the ultimate irrigation 
potential in 1he country is of the order of 110 Mha, of which 
70 Mha would be frexn surface water and 40 Mha from groundwater. 
At the commencement of the First Plan in 1950-51, the gross 
irrigated area in the country was 23 Mha, of which 16 Mha was 
from surface water and 7 Mha frexn groundwater. By the beginning 
of the Fourth Plan in 1968-69, the gross irrigated area had 
risen to 35 Mha, giving an average annual increase of 0,67 Mha 
over this period of 18 years. At the end of the Fourth Plan 
in 1973-74, the gross irrigated area is estimated to have 
risen to 42 Mha, 26 Mha from surface water and 16 Mha from 
groundwater. Thus, during this period of five years, the pace 
of development has been faster, being 1,4 Mha per annum on 
the average, A further step up in the pace can be reasonably 
expected. Taking various factors into consideration, it is • 
envisaged that future utilisation of irrigation may be as in 
Table 15,6, 

Table 15,6 

Perspective of Gross Irrigated Area 

(million hectares) 


Year 

Surface water 

Groun dwater 

Total 

1950-51 

16 

7 

23 

1968-69 

23 

12 

35 

1973-74 

26 

16 

42 

1980 

31 

20 

51 

1985 

36 

25 

61 

1990 

41 

28 

69 

1995 

46 

31 

77 

2000 

51 

33 

04 

2005 

56 

35 

91 

2010 

61 

37 

98 

2015 

65 

38 

103 

2020 

68 

39 

107 

2025 

70 

40 

110 


15,7,5 The development of groundwater has been quicker than 
that of surface water and it should be possible to develop 



70 

most of it by the year 2000. Beyond that- period, the pace 
of its development would be determined by the development 
of the surface v'ater resources, as further increase in the 
groundwater resource would depend on increased infiltration 
from new irrigation projects and other special measures that 
might be taken to augment it. As groundwater on being tapped 
gets quickly utilised, the present emphasis on its speedy 

develooment should be continued in future, ensuring at the 

« 

same time replacement of wells that may go out of use. 

15.7.6 The scope fpr future development of surface water 
is almost twice that of groundvyater< Therefore, there should 
be no slackening of effort to devplop surface vyater while 
doing more for exploiting groundwater. This is particularly 
so as major irrigation .schemes have long gestation period and 
unless these are taken up early enough the desired pace of 
development cannot be attained, in order to properly phase 
the programme of surface water development there should be 

a large number of fully investigated schemes ready to choose 
from. Also, once a schotnc is taken up for imolementation, the 
funds required to complete it in the shortest time as determined 
by technical considerations including availability of scarce 
materials, should be fully provided. From this it follows 
that only as many projects should bo taken up at a time as can 
be implemented at their optimum pace. Those points have been 
made on a number of occasions by various authorities in the 
past but in spite of that they have not always been observed. 

We consider them important enough to reiterate here, 

15.7.7 In many States, irrigation resources that have yet 
to be harnessed are large. Table 15,7 gives Statewiso figures 
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ofihe gross area vvjiich might be irrigated by 2025, that irrigated 

in 1970-71 and the balance that remained to be brought under 

irrigation, * 

Table 15.7 


Scope for Development of Irrigation 

{million hectares) 


State 

2025 

70-71 

Balance 

surface 

water 

Groundv/at er 

Uttar Prade$h 

24.0 

8.4 

15.6 

7.4 

8.2 

Bihar 

13.1 

2.7 

10.4 

7.0 

3,4 

Madhya Pradesh 

9.1 

1.5 

7.6 

5.2 

2.4 

APdhra Pradesh 

10.2 

4.2 

6.0 

4.5 

1.5 

Orissa 

6.7 

1.6 

5.1 

3.7 

1.4 

Maharashtra 

6,5 

1.7 

4.8 

3.9 

0.9 

Karnataka 

5.9 

1.4 

4.5 

3.2 

1.3 

West Bengal 

5,5 

1.5 

4.0 

1.5 

2.5 

Gujarat 

5.0 

1.3 

3,7 

3,2 

0.5 

Raj asthan 

4.8 

2.5 

2,3 

1.0 

0.5 

Kerala 

2,6 

0.6 

2.0 

1.7 

0,3 

Assam 

2.5 

0.6 

1.9 

1.2 

0.7- 

Haryana 

3.3 

2.2 

1.1 

0.6 

0.5 

punj ab 

5.0 

4.2 

0.8 

0.2 

0.6 

Tamil Nadu 

4.0 

3.4 

0.6 

0.1 

0.5 

Jammu & Kashmir 

0.7 

0.3 

0.4 

0.2 

0.2 

All other States 
and Uhion 

Territories 1.1 

0.4 

0.7 

0.6 

0.1 

total 

110.0 

30.5 

71.5 

46.0 

25.5 


^ The figures for 1970-71 are taken from Indian Agriculture 
in Brief, Thirteenth Edition published by the Ministry 
of Agriculture and Irrigation, Other figures have been 
derived from the data given in the Report of the Irrigation 
Commission - 1972, Draft Fifth Five Year Plan and the 
information published or supplied by the states and Central 
Ministries, 
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With full development of irrigation in some of the States 
ahead of the othersi the tempo of development in the latter 
would need to be stepoed up in order to keep up the pace cf 
development in the country. The latter States may at that 
stage require relatively larger outlays for the purpose* and 
this would require consideration at that stage. 



8 CRCa5plNG IN IRRIGATH) AREAS 
Vi'arter Requirement Choice of Crops 

X5»8.i Crops require water for their consumptive use.^i.e.^ 
for transpiration, evaporation from adiacent soil and for the 
building of plant tissues. The evapotranspiration is governed, 
primarily, by meteorological factors, such as sunshine, 
temperature, humidity and wind velocity. When a field is fully 
covered with vegetation, the transpiration is very nearly equal, 
to paneVoperation there. The ability of a plant to draw water 
from soil depends on its root system as also on the nature 
of the soil. Clayey soils have a greater waterholding capacity 
but higher wilting coefficient than sandy soils. In consequence, 
a crop wourd wilt in relatively higher moisture in clayey soil , 
than in sandy soil. The total quantity of water which a crop 
would require for evapotranspiration would be indeoendent of , 
the nature of soil, but in sandy soil more frequent and shallower 
irrigation would be necessary than in 1he case of clayey soil, 
sufficient meteorological data are available for the various 
parts of the country to enable a fair estimation to be made of 
the consumptive use of water by crops. These data, hov\ever, 
need to be compiled and presented in a more readily usable form. 
15.0.2 The irrigation requirement of a crop in the field 
is the quantity of water which needs to be applied to it for 
its successful growth, exclusive of any contribution from 
effective* rainfall and capillary water. It also includes 
unavoidable losses in the application of water in the field, 

* Effective rainfall in a crop season is that portion of the 
rainfall which is available for meeting the evapotranspiration 
requirement of crops. It excludes the portion which is lost 
as runoff or deep percolation below root zone or as instant 

evaporation. 
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both as surface runoff and deep percolation. To these have 
to be added transit losses to determine the quantity of water 
which has to be made available from the source. Actually, 
the losses, both in the application and conveyance of water, 
are considerably higher than they need be. This offers scO[e 
for improvement in the utilisation of irrigation supplies to 
cover larger cropped area, 

15.8.3 The farmer's choice of an irrigated crop is governed 
primarily by consideration of the net income which he can 
derive from it. But there are certain technological and 
economic considerations which heed to be borne in mind in the 
long term interest of both the farmer and the nation. The 
more important of these are discussed in the paragraphs that 
follow, 

15.8.4 Rice which is grown in about 40 per cent of the 
irrigated area under all crops is the largest consumer of 
irrigation water, accounting for 50 per cent of the total 
irrigation supply at present. Next comes wheat followed by 
other cereals, and these take 15 and 12 per cent of the supply 
respi'ctively, Amongst cereals rice has the lowest productivity 
per unit of water as is evident from the table below. 


Table 15,8 


Productivity of Cereals per Uait of water 


1 



sorghum 

500 

4,500 

9.0 

bajra 

500 

4,500 

8.0 

maize 

625 

5,000 

8.0 


wheat 400 5,000 12,5 

1 1969,Dastane, N.G, ri972)’. New Concept,Practices, and 

Techniques tn the Field of Water Use and Management, ,Proc, 
Symposium on soil and water Management, held at Hissar, 
ICARtSpl. publication; p 109-133, 
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The main rice crop is, however, grewn in the rainy season and 
irrigation supplies are needed to make up the water requirement 
left unmet by rainfall. Rice crop grown in non rainy season or 
low rainfall areas consumes disproportionately more water than 
the production it gives, Uhder these water paucity conditions, 
therefore, rice should be grown only if the available irrigation 

supplies cannot be put to better use for other crops, 

16.8.5 For growing a crop water is required for land 

preparation where presowing soil moisture is inadequate,for 
evapotranspiration, plant structure and meeting the percolation 
and seepage losses during the period of its growth. The rate 
of evapotranspiration is primarily governed by meteorological - 
factors and. for a given location is independent of crop species 
in a field with full crop cover. It follows, therefore, that 
the longer the duration of a crop the greater is the 
evapotranspiration requirement. As regards the rate of percolation 
and seepage losses, it is highest in the case of rice as water 

has to be kept standing in the field for most part of its growth 

period. The daily water requirement of rice thus depends upon 
climate and the permeability of the soil, and its total requirement 
on the length of its growth period, 

15.8.6 Recent experiments on water requirements of rice on 
loamy soils showed that out of 1,680 mm of water used in the 
field, 1,200 mm was lost through percolation and only 480 mm 
was actually utilised by the crop. The amount of water 
applied to rice fields on most irrigation systems in the 
country is considerably more than the actual requirement and 
is sometimes §s high as 2,500 mm. The greater part of the 
irrigation water is thus lost through percolation and other 



means. In heavy clay soils, the wet season water requirement 
of rice for peak yield can be as low. as 650 rrmi In generalj 
where the permeability of soil is more than 5 mm per day, f rom 
the point of view of water use, it is unfavourable to grow rice, 
15*8,7 In the Southern states, wherever the heavier black 
cotton soil is located in the valleys, and the lighter red soil 
higher up, it would be a good arrangement to confine growing 
rice to the valleys reserving the lighter soils for light 
irrigated crops, as otherwise,apart from consuming more water 
due to greater percolation losses, the percolated water would 
make the heavy soil lower down soggy rendering it unfit for 
growing any other crop than rice. This has happened on some 
existing projects, such as Lower Bhawani, Tungabhadra, Hirakud, 
etc, 

15,0,8 We recommend, therefore, that rice should be grown 
preferably where there is good support from rainfall on soils 
which have a -.permeability less than 5 mm per day, and lower 
down in valleys where generally there is heavy soil. Further, 
rice should be grown in nonrainy season or low rainfall areas 
only if the available irrigation supplies cannot be put t o 
more economic use for other crops. 

lb,8,9 In low rainfall areas, it is important that there 

should be at least one assured crop to sustain the farmer. 

As water resources in such areas are scanty, irrigation 
supplies have to be put to the most economical use in order 
toextend the benefit of irrigation to as large a number of 
people as possible, Uidor these conditions where the 
interval between successive waterings is prolonged, deep- 
rooted crops do better if there is good depth .of soil as 
they can tolerate longer dry spells than shallow rooted ones. 



Anongst the different groups» the species in increasing order 
of moisture stress tolerance are; 

cereals: kharif ; maize, pearl millet, 

sorghum, crowfoot 
millet. 

rabi ’ wheat, oats, barley 

pulses; kharif ; cowpeas, black gram, 

green gram, soyabeaa 
pigeon pea^ cluster 
bean, 

rabi : lentil, peas, gram. 

oilseeds; kharif ; groundnut, scsamum, 

castor, 

rabi ; linseed, sunflower, 

safflower, mustered, 

15.8.10 in water paucity areas, the duration of an irrigated 
crop is important, as the source of irrigation may not admit 
of the number of waterings required by a long duration crop. 
Table 15,9 gives, illustratively, the cropswith their duration 
which fit in different ranges of total utilisable water 
available during kharif and rabi . 

Table 15.9 

Crops for Different Ranges of Total Water 
Availability and their Duration 


mm 

Niarif 

Davs 

.Rabi 

Days 

250-400 

pearl millet 

85-100 

barley 

120-140 


sorghum and ) 
maize fodder ) 

60-90 

gram 

120-140 


greengram 

60-90 

peas • 

90-130 


blackgram 

80-105 

safflower 

140-180 


castor 

180-240 

linseed 

140-160 


sesamum 

100-120 

mustard 

120-150 

400-600 

sorghum 

90-120 

wheat 

120-150 


groundnut 

100-150 

barley 

120-140 


soyabean 

110-130 

sorghum 

90-120 


tobacco 

120-150 

coriander 

120-150 


c ott on 

180-2.10 




vegetables 

60-90 
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mm 

Kharif 

Days 

Raiai 

Days 

600-1000 

maize 

110-130 

borseem 

210-240 


c ott on 

180-210 

potato 

90-120 


vegetables 

90-120 

onion 

140-160 


From table 15,9, it is evident that oven in low rainfall areas, 

the farmer has a number of crops to choose from, 

« 

15.8.11 The choice of irrigated crops in alkali and saline 
soils is somewhat limited. These soils, particularly when 
sodic, have low permeability. During kharif , therefore, 
rice is a suitable crop for such areas. Even amongst the 
rice varieties some do better. Cotton after the seedling 
stage is tolerant to salinity but is very sensitive to 
flooding and high alkali conditions. Legumes, except 
dhaincha ( Sesbania aculeata ), are very sensitive to alkali 
and salinity conditions and are, therefore, unsuitable for 
growing in these soils, in rabi ,wheat, barley, sugarbeet, 
berseem, sanji, raya ( Barssica juncea ) can be grown after . 

a kharif rice crop. Amongst the oilseeds, safflower appears 
to be sensitive to alkaline conditions but can be grown on 
saline soils. 

Frequency, Timing and Depth of Watering 

15.8.12 Crops draw their water requirement from the moisture 
in the soil. The total storage of moisture in the soil 
depends upon its depth and waterholding capacity. The finer 
the texture of soil the greater is its waterholding capacity. 
Within limits, the depth and texture of soil thus govern 

the depth and interval of irrigation and in consequence the 
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scheduling of irrigation suoplies. With evapotranspiration 
the soil moisture gradully gets depleted till it becomes so 
low that the crop is unable to draw a sufficient amount of it 
and wilts. Irrigation is needed long before that stage as 
yield is affected much earlier than wilting. It has to 
be borne in mind that once a crop has had a setback due to 
insufficiency of soil moisture, the damage done cannot be 
fully repaired by any subsequent copious watering. The 
interval at which irrigation should be done depends primarily 
upon the evaporative demand of the climate. The quicker the 
water transpires from a cropped field the shorter is the 
interval requited for irrigation, > In North India, the mean 
values of evapotranspiration in kharif , rabi and hot weather 
are 4,5, 3,0 and 6,0 mm per day respectively, while in south 
India these are 4,5, 3,5 and 5,5 mm per day. The frequency 
of irrigation is also influenced by its depth. Irrigation 
with smaller depth of watering has to be more frequent in 
order to meet the water requirement of a crop. Normally, 
the depth of watering would range between 5 and 10 cm, 

15,8,13 The depth of irrigation required by a crop depends 
upon the soil moisture deficit in the effective root zone of 
the crop. Thus, a knowledge of the waterholding properties 
of soils and the rooting of crops is essential to decide 
the quantity of water to be applied. In addition, application 
losses have to be allowed for. These losses depend upon the 
degree of land levelling, soil texture, stream size aid the 
mode of irrigation. Insufficient depth of irrigation can load 
to the problem of soil salinity. 
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15,8,14 In water paucity areas an irrigation system may cater 
for fewer waterings than required for maximum yields. This 
iTiaybe so in order to extend the benefit of irrigation to a 
large number of farmers, Undet these conditions it becomes 
very important that irrigation is done during the crucial 
stages of crop growth if serious reduction in yield is to be 
avoided. In experiments conducted by the Indian Agricultural 
Research Institute, New Delhi with wheat (sonora 64) a single 
irrigation 25 days after sowing raised the yield to throe 
times that of an unirrigated crop, with three waterings at 
the most appropriate stages, the yield was 3,8 times; with 
four waterings 4,5 times and five waterings 5,1 times. These 
results show that in v'ater paucity areas with a fewer than the 
optimum number of waterings on a larger area and appropriate 
timing of irrigation, a greater overall production can be 
secured. 

Irrigation in Relation 
to Agroclimatic Zones 

15,0,15 Temperature, type of soil and the extent and 
distribution of rainfall together go to determine the most- 
suitable crops that can be grown in an area. For example, wheat 
is best, sown in the cool climate above latitude 20°, 
similarly, while wheat does well in loam and sandy loam, 
rice requires clayey soils which have low permeability. But 
apart from consideration of temperature and soil type, under 
rainfed conditions it is the extent and distribution of 
rainfall which is the main factor that determines the crops 
suitable for an area. Given irrigation supplies even rice 
can be grown in an arid area but that would be unnatural and 



not the best use of available water. If the water resources 
which are available for irrigation in various parts of the 
country are to be put to the maximum productive use, then it 
should be the rainfall that should meet the basic water 
requirement of the crop grown, irrigation water being used only 
to make up the deficiencies in rainfall. In low rainfall 
areas, however, the supplemental irrigation requirement 
would be relatively large. For each region or area the 
crops in an irrigated command are best chosen from amongst 
those which are natural to the area under rainfed conditions 
and their yields increased and assured with irrigation supplies. 
It is in this context that consideration of agroclimatic zones 
assumes importance in planning an irrigation project, 

15.8.16 Oi the basis of distribution of monthly rainfall 

in a year, we have delineated the country into various rainfall 
pattern zones. This has been done by analysing tehsilwiso 
monthly rainfall data for periods of 50 years or more as 
recorded by the Indian Meteorological Depanbment, Details of 
the various delineated zones are given in chapter 14 on 
Rainfall and Cropping Patterns, 

Cropping Pattern 

15.8.17 The patterns of cropping in rainfed areas are 
dictaited largely by climate, extent and distribution of 
rainfall and the nature of soil. They cannot be altered at 
will and, therefore, restrict the choice of crops which can 
be grown in an area under rainfed conditions, 

15.8.18 We have dealt with balanced cropping in Chapter 
14 on Rainfall and Cropping Pattern, Here we mention the 
conditions of water availability under which the more important 
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crops would do well. Rice requires a rainfall of more than 
30 cm per month for at least three consecutive months. 

Failing that, it has to be irrigated for good yield. Wheat 
is a rabi crop. During that period, rainfall and in 
consequence natural soil moisture is generally insufficient 
and irrigation becomes necessary for a good crop, sugarcane 
requires water all the year round and, therefore, has to 
be irrigated. In areas with rainfall hi^er than 30 cm per 
month for two months, maize can give good yield even without 
irrigation but with adequate drainage, ‘With lower rainfall, 
it has to be irrigated for a good yield, Bajra and jowar 
require less water than maize and can do well in areas with 
rainfall of 10 to 20 cm per month for more than a month. If 
rainfall is 10 to 20 cm per month in only one month, they 
too would require irrigation. Cotton is best grown in irrigated 
areas. Fodder and vegetables require irrigation during non- 
rainy months or where rainfall is inadequate. The important 
point to bear in mind is that irrigation has to help in 
making the best use of raih water in any season and crops 
should be planned to take the fullest advantage of available 
rain water. In irrigated areas there is some flexibility in 
the choice of crops and often one can do more of one crop 
and less of another within the given parameter of climate, 
soils type and rainfall. It is thus possible to adjust the 
cropping pattern on irrigation projects to meet the food and 
fodder requirements in a balanced manner in conjunction with 
the production of various crops in unirrigated areas, 

15,8,19 In 1970--71, the gross area sown and the irrigated 
were 165 Mha and 38,5 Mha respectively. By the turn of the 
century, these are expected to rise to 200 Mha and 84 Mha, 
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and further rise to 210 Mha and 110 Mha by 2025 A.D. In Table 
15.10 are given cropwise figures of area sown and area irrigated, 
these being actual for 1970-71 and projections for 2000 and 
2025 A.D. for a balanced agricultural production. 


Table 15.10 

Projections of Cropwise Area Sown and Irrigated 

(million hectares) 


Crop 

rTTTDirr—1 

-2DUU A .T3.- 

-"2025 

■ 'KXV 

Area 

sown 

Area 

irri¬ 

gated 

Area 

sown 

Area 

irri¬ 

gated 

-Area 

sown 

Area 

irrigated 

rice 

37.4 

14.9 

32.0 

24.0 

34.0 

30.1 

wheat 

18.2 

' 9.8 

17.5 

14.9 

18.0 

17.3 

barley and 
oats 

2.6 

1.3 

6.0 

1.8 

6.0 

2.2 

millets 

43.2 

2.5 

42.5 

5.2 

44.0 

6.9 

pulses 

23.1 

2.0 

25.0 

5.4 

26.0 

7.0 

sugarcane 
and sugarbeet 

2.6 

1.9 

5.5 

5.5 

6.0 

6,0 

groundnut 

7.5 

0,6 

9.0 

1.9 

9.0 

2.6 

other 

oilseeds 

6.2 

0.4 

16,5 

3.2 

16.0 

4,0 

cotton 

7.7 

1.3 

11.5 

7.5 

12.0 

8.8 

jute and other 






fibres 

1.2 

0.1 

1.5 

1.0 

1,6 

1.3 

fodder 

7.0 

1.4 

16.5 

6.5 

18,0 

11,3 

vegetables 
and related 
crops 

3,1 

1.2 

8.3 

4.2 

10.0 

7.4 

fruits* 

1.2 ■ 

' 0.4 

4,0 

1.2 

4.2 

2.2 

plantation 

crops’ 

2.2 

0.4 

2.8 

1.0 

3,0' 

1.6 

toh 1CCO 

0.4 

0.1 

0.6 

0.4 

0.6 

0.4 

flowers and 
medicinal 
plants and 
miscellaneous 
crops 

1.5 

0.2 

0.8 

0.3 

1,6 

0.9 

total 165.1 

38,5 200.0 

84.0 

210.0 

110.0 


* As per classification given in Chapters 23 and 24 on 
Horticultural Crops and plantation Crops, 
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15.8.20 There are certain imbalances in the area under 
various crops and these have to be gradually lemoved. Rice is 
at present grov\n in several areas at a time when there is 
inadequate rainfall to sustain it. Yield of unirrigated rice 
in these areas is poor. These areas are best changed over 

to other crops for better production. There is a groat demand 
for more oilseeds in the country and area under these crops 
need to be increased substantially. Fodder is not being grovun 
in sufficient quantity. During kharif , much of it is grown 
as a rainfed crop but it requires irrigation during rabi and 
zaid seasons. The area under fodder must be increased 
substantially if the cattle are to be fed properly and their 
breeds improved. The area under cotton needs to be stepped 
up to meet the growing requirement of cloth, A substantial 
area under this crop would require irrigation, 

15.8.21 The cropping patterns for various rainfall zones 
in the country have been discussed in detail in chapter 14 

on Rainfall and Cropping Patterns, AStatewise breakup of the 
irrigated area under the principal crops for the years 1970-71, 
2000 and 2025 is given in Appendix 15,4, It is to be noticed 
that so^ reduction in the area under rice has been considered 
necessary in Andhra Pradesh and Tamil Nadu by replacing it 
with another crop v\/here the yields are poor or water is not 
utilised to the best advantage. The increasing requirement 
of rice has to be met by bringing more of rice area under 
irrigation in regions where rainfall is fairly high for at 
least two months needing supporting irrigation for only a 
month or so. It is visualised that in course of time 
particularly the entire wheat and sugarcane crops would be 
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grown under irrigated conditions. An all-round increase 
in the yield of crops has to be secured with a complete 
package of inputs and technological improvements. 

15,8.22 We now touch upon, Statewise, the more important 
shifts which are considered desirable in the prevailing 
cropping patterns in irrigated areas. The change can be 
gradual as more area is brought under irrigation. We 
have dealt with at some length the area and production 
of various crops in Chapters 21 to 25 on Foodgrains, 
Commercial, Horticultural, Plantation and Fodder Crops, 
Andhra Pradesh: The main irrigated crop in this State 
is rice and accounts for 79 per cent of the irrigated 
cropped area. There is need to grow more of irrigated 
fodder, cotton, millets and oilseeds. These require less 
water‘than rice. Their proportion could be Increased by a 
corresponding reduction in the proportion of the area 
under rice, 

Assam* Rice is the main crop and should oo«ntinue to be 
so, as rainfall conditions are favourable for this crop. 
However, more of fodder, vegetables, fruit and plantation 
should be raised than at present, 

Bihar: Rice and wheat are the predominant irrigated 

crops in the state and would continue to be so. They 
cover 67 per cent and 26 per cent of the irrigated area 
respectively,- The area under vegetables, fruits, sugarcane, 
pulses and other crops is insignificant and needs to be 
substantially increased. Practically no irrigated 
fodddr is grown in the state which has a large number 
of ill-fed cattle, .For improving their condition, thtsn/(iLtoa. 
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has to bc' sufficient fodder and this should be an important 
crop in canal commands. 

Gujarat; Cotton and wheat are the main irrigated crops at 
present, each covering about 23 per cent of the cropped area. 
The proportion of area under fodder and oilseeds should be 
stepped up. Banana is doing very well in the State'and 
can be encouraged, 

Haryana; In this State, v/heat constitutes 41 per cent of the 
irrigated cropped area. As irrigation develops, more of 
cotton, oilseeds, pulses, and vegetables should'■£ raised 
without actually decreasing the area under wheat. Both 
rice and sugarcane arc water intensive crops. The area 
under those crops should be therefore restricted in view of 
the paucity of water resources in the State. 

Jammu & Kashmir; Rice i9the major crop in the State and 
covers 70 per cent of the' irrigated cropped area. It should 
continue to be the main crop, Hov/over, more of fodder is 
necessary in the interest of development of animal husbandry 
which is a major plank in the development programme of the 
State, 

Karnataka; Rice and millets are the main irrigated crops 
in the State and cover 51 tind 16 per cent of the irrigated 
cropped area. In order to spread the benefit of irrigation 
to larger area, the proportion of the water intensive rice 
crop need to be reduced and millets, pulses and oilseeds, whic 
require less water should be increased. The black soils in 
the state are very suitable for cotton and therefore, its 
proportion should be substantially increased. Fodder, 
sugarcane, vegetables, fruit and plantation are the other 
crops which should be increased. 
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Korala; Rice is the main crop in the state and occupies 
83 per cent of the irrigated area. The rest of the irrigated 
area is under vegetables, fruit, spices, condiments and 
plantation crops. From the national point of view, the 
irrigated area under crops other than rice would need to 
be increased very appreciably, but on full development the 
area under rice need not necessarily be below its present 
level, 

Madhya Pradesh; Rice and wheat account for 40 and 30 
per cent respectively of the irrigated cropped area. Wheat 
should, however, be mostly confined to the cooler northern 
part of the State for good yield. The percentage area 
under irrigated cotton, fodder e^d sugarcane should be 
increased, 

Maharashtra; The main irrigated crops at present are 
millets 21 per cent, rice 18 per cent, wheat 15 per cent, 
sugarcane 13 per cent, cotton 5 per cent, vegetables, fruit 
and other crops 18 per cent. Millets should continue to 
bo the main crop as the soil and climate are suitable 
for them, but the proportion of wheat should be reduced 
as the temperature there is somewhat high for good yield. 

Rice should be confined mostly to the Western coast areas. 
Cotton, oilseeds, pulses and fodder need to be stepped up 
considerably, 

Orissa; Rice occupies 87 per cent of the irrigated area. 
There is need to do more of fodder, vegetables and fruit 
which would bring down the perconi.age of rice in the 
future irrigated area. Cotton and oilseeds should bo 
encouraged. 
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Punjab: v/hcat is the most importait crop in the State 

and occupies 45 per cent of the irrigated cropped area* 

Other important crops are fodder, millets, rice and cotton. 

For a more balanced cropping pattern, millets should be 
reduced and cotton, vegetables and fruit increased. Rice 
and sugarcane being water intensive should ^ot be increased 
from the present level, Sugarboet should be encouraged. 
Rajasthan; In the irrigated areas, wheat is the major 
crop at present and covers 40 per cent of the irrigated 
cropped area. In this State, agricultural development 
should be based bn mixed farming, with animal husbandry 
playing a key role.. There is, therefore, need to increase 
fodder crops. Millets, pulses -and oilseeds should also 
be increased. These are low water consuming crops. Sugarcane 
and rice being water intensive should not bo encouraged in 
the state, 

Tamil Nadu: About 71 per ccht of the irrigated cropped 

area is under rice. Not all of this is grown under good 
soil or rainfall conditions. Hardly any irrigated fodder 
is grown in the State, The proportion of area under 
cotton for which soils arc suitable is very low. Therefore, 
the area under irrigated fodder and cotton should bo 
substantially increased by reducing that under rice. 

Uttar Pradesh: At present, of the irrigated cropped area, 

47 per cent is under wheat, 12 per cent, under pulses, 

11 per cent under sugarcane, 10 per cent under rice and 
9 per cent under barley. Other crops cover a small area. 

For a proper use of the water resources in the State, a 



change in the cropping pattern would be necessary. 

Rice should bo stepped up to utilise the abundant 
surface water flows during the monsoon season. That 
would also increase the groundwater recharge which 
would be useful in the rabi period. Although on full 
development, there will be more irrigated wheat area than 
at present, its proportion would decrease in favour of 
other crops. There is need to increase irrigated fodder 
in order to improve the cattle wealth in the State, 

Area under vegetables and fruit should be increased, as 
also that under cotton and oilseeds. Although the actual 
area under irrigated sugarcane may ultimately increase, 
its proportion in the total irrigated area should be 
reduced. The yield of sugarcane in the state is not high 
and its water requirement during rabi overlaps that for wheat, 
barley, fodder, etc, to their detriment. 

West Bengal: There is a good potential for the development 
of groundwater in this State, Groundwater is more 
suitable for less water intensive crops like wheat, fodder, 
vegetables, fruit etc., than for rice. With more emphasis 
on the less water intensive crops, the percentage of rice 
on further development of irrigation may decrease 
substantially from the present 90 per cent. Area under 
wheat should be increased substantially. Already this 
crop is catching on. Area under irrigated fodder is 
negligible at present and should be increased to improve 
the cattle wealth. Also, cotton and oilseeds should be 
encouraged. 
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Other States; In the States of Manipur, Meghalaya, Nagaland 
and Tripura, rice would continue to bo the main crop and 
development of irrigation would mainly cater for this crop. 
In Himachal Pradesh, however, wheat would be equally 
important. 



9 DRAINAGE 


15.9.1 Crops suffer damage wheriv-there Is excess water in the 
soil In the root zone, as it hampers aeration. In soils which 
are too wet, roots tend to spread out near the siyface and 
remain shallow. This reduces the volume of soil from which the 
plant may draw nutrients. also makes the plant more 
vulnerable to subsequent drought conditions as the shallow roots 
may fall to avail of the sustaining moisture that may be there 
lower down. The susceptibility to damage due to excessive 

soil moisture differs in different crops as also in the stages 
of their growth. 

15.9.2 In all irrigation systems it is important to provide 
adequate drainage. Water percolating from Irrigation chsinnels 
and irrigated fields can raise the groundwater table and cause 
wat^logging and salt accumulation. We have dealt with the 
problems of salinity and alkalinity in irrigated areas in 
Chapter 17 on Land Reclamation and Development. For want of 
proper drainage, large areas on some of the old Irrlgatlai 
systems in arid and semlarld areas became waterlogged and salt 
infested. Subsequent remedial measures in the shape of 
extensive drainage works and shallow tubewells to depress' the 
groundwater table have not fully restored the damaged lands 

to their original health. In recent years, there has bean 
increasing awareness oi this problem and it .has been laid down 
that in all new irrigation schemes, there must be adequate 
provision for drainage. It is, however, noticed that these 
provisions are not always adequate and that the drainage is 
not plcinned comprehensively. Several project estimates have 
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contained only a token or lu^ipsum provision, which later on has 
been found to be completely Inadequate, We wish to emphasise 
that drainage is an important item in an irrigation project and 
its investigation and estlmatlcn should be given the same amount 
of attention as is bestowed on irrigation channels and 
watercourses. Depending upon the terrain and nature of the 
soil, it can be a very sizeable item. By.t without it the 
project would be incomplete and will not bear full fruit. 

15.9.3 To be effective, drainage system should extend to 
field drains. Field drains are required not only for crops 
requiring light irrigation but also for rice fields. It is 
Important to remove unwanted water from rice fields, particularly 
during the stage of seed bed preparation and harvest, ^en 
during the growth period of rice periodical drainage of water 
has beoi found beneficial. In recant drought years, it was 
experienced that short breaks in the supply of water to rice 
fields resulted in higher yields. 

15.9.4 For the efficient functioning of drainage system in 
irrigated areas, the nallas lower down have to be kept clear 
of all obstructions. These natural waterways are apt to be 
encroached vqpon for illicit cultivation and blocked for liftirg 
water for irrigation or catching fish. The responsibility for 
the proper maintenance of these should be placed squarely on a 
single department. In most States, this responsibility lies 
with the Irrigation Department. Irrigation Acts in some of the 
States empower Government to construct and maintain field and 
other drains, and in most States to prohibit the creation of 
obstructions in notified streams and drains. The States may 
review the position in this regard and assume adequate powers, 
\^ere these are deficient. 
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15.9.5 Not all crops suffer equally from root submergence for 
a period of time. The damage varies from crop to crop and the 
stage of growth. Even for the same crop, different varieties 
are susceptible to different degrees. While Information Is 
available In general terms regarding the relative susceptibility 
of various crops to root submergence, more precise and scientific 
data in quantitative terms are not available. It Is recommended 
that research should specifically be carried out on this topic, 

15.9.6 There are numerous ponds, large and small, called 
'Chaurs * or ’ Hoars * In the flat alluvial areas of Assam, 

West Bengal and tiorth Bihar, where water keeps standing for 
most part of the year. Some of these can be drained and the 
reclaimed area brought mder crops. But In a number of cases, 
the cost of drainage would be high. In soma cases pumping would 
be involved. R)r Instance, in the command area of Kosl Project 
the area under ’ Chaura ’ Is ab'Ut 117,000 hectares. In the deeper 
portions water remains standing throughout the year. There has 
bean a suggestion that water should be punned out from the deeper 
portions which cannot bo drained by gravity. The whole Idea of 
draining these ’ Chaurs’ dry Is to put the land to economic use 

by raising crops there. But, there Is an alternative use for them 

namely, pisciculture. In the summer months when the ’ Chaurs ’ 
shrink and tend to dry they can be replenished with canal water 
to the extent necessary to maintain the fish. The canal watdr 
can be paid for as for Irrigation. It may be pointed out that 
area for area'a pond can give as much Income, if not more, from 
plsclcultiore as crops. And fish can simply protein of superior 
quality In which foodgralns are deficient. It Is suggested, 
therefore, that. In genersQ., before any scheme of 
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dewatering a ' Ghaur * is undsrtaken, the econooiics and feasibility 
of putting it under pisciculture should be carefully examined. 

In several cases a combined scheme of drainage and piscicultur 
nay be found to be the best arrangement, the drainage providin 
relief to the peripheral areas from submergence. Also, tanks 
can be deepened and the earth used for raising marginal lands 
for cultivation. 

16,9.7 In irrigated areas it is desirable to keep the 
average watertable well below the capillary range, say around 
to 5 metres if not deeper. Apart from the risk of increasing 
soil salinity a high water table is wasteful of groundwater 
resource as it contributes to unproductive evaporation. Also 
a low watertable provides more space for groundwater recharge 
during the rainy saascxi and thus helps in increasing the 
groiondwater resource. 



10 MODERNISATION OF EXISTING IRRIGATION SYSTEIG 

15.10.1 In recent years, the science and technology of 
agriculture has niade revolutionary progress and given rise to 
new patterns of de.iiand for inputs amongst which Irrigation is 
an Important one. These demands have to be met satisfactorily 
for optimum production. Many of the older irrigation systems 
in the country, and even some of the more recent ones, do not 
meet the requirements of modern agriculture adequately and call 
for modernisatlcn , The Irii gatlon Commission (1972) has dealt 
with at some length the question of improvement of existing 
irrigation systems in order to increase their efficiency and 
Usefulness. It has pointed out that in the run-of-the-river 
schemes, which derive their supply of water solely from 
diversion works on rivers, shortages are experienced during 
the low stage of river flows which occur in summer in the 
peninsular rivers and in winter in the Indo-Gangetlc rivers. 

The earlier irrigation systems of north India wore designed 
with low intensities and cultivators given a share of water 
proportionate to their holdings in the command area. They 
have naturally been applying water thinly to irrigate as much 
area as feasible. This mode of irrigation is not conducive 
to high yields, particularly from high yielding variaties. 

The Irrigation Commission has further pointed out that on many 
irrigation systems, the channel capacities are inadequate for 
meeting peak demands during crucial periods like transplanting 
of rice, Kor* irrigation of rabl crops, etc. Because of 
inadequate channel capacities, the period of irrigation 

♦ First watering after sowing. 
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during these eruclai stages gets prolT/ngoCl reeiUTixng j-xa -ujw 
yields. Tall reaches of canals suffer most fro^ these 
Inadequacies, 

15.10.2 AfQ rt from structural InaproveTients of these projects, 
such as reracdelling of headworks whetfo the existing ohes are not 
functioning satisfactorily like the Tajowala and Okhla Weirs, 
excluding drainge from irrigation channels by providing separate 
drains as required cn the Cauvery canal systein, providing 
regulators and escapes for better control in the operation of 
canals, enlarging channel capacities where necessary, Improvement 
of drainage in the command area, etc., the Irrigation Commission 
has recommended that inadequate s\: 5 !plios in the canals should be 
si^jplemented by providing storage backing where feasible 
diverting surplus water from other basins and the use of 
groundwater. Also, the Commission has recommended a 
re-examination of the existing projects with a view to 
improving their efficiency and usefulness, 

15.10.3 In the plans, programmes for development of 
irrigation have bean mainly in the shape of new irrigation 
schemes. Some remodelling or replacement of old and decrepit 
major engineering structures, like the Krishna Anlcut in Andhra 
Pradesh and Sone Weir in Bihar has been done primarily to 
safeguard existing irrigation s^plies. Also on certain canals, 
st^plemental s^^^plles have been provided through storage dams, 
transfer of water from another subbasin, augmentation by 
tubewells or river i:umplng schemes, Jbr example, in Uttar 
Pradesh the Raraganga storage reservoir will provide additional 
si?:plles to the Lower Ganga Gunal,-.tho Sarda Sahalk Project 
will convey waters of ths Ghaghara to the lower portion of the 
Sarda Canal, and the Dalmau Pumping Scheme on the Ganga is 
providing water to the lower portion of the Sarda canal system; 
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A few old channels have also been lined to save on treinslt 
losses. All these efforts at Improvement of existing canal 
syste.ns have been mainly in the field of engineering. None of 
these systems have been reviewed comprehensively for Improvement 
in all aspects covering engineering structures for safety cind 
better regulation, augmentation of supplies in the system 
where deficient, efficiency in aonvoyance of water to the 
field, scientific application of water to crops and adoption 
of cropping patterns which would confer the maximum benefit. 

Such reviews of the old and the earlier plan projects are 
called for in order to modernise them for better service to 
present day agrlcult\ire. 

15,10.4 These reviews should bo carried out by officers of the 
same high level of competence as are required for formulating 
a now irrigation scheme. In fact, the review should bo a 
de novo formulation of the scheme conditioned by the existing 
physical constraints. This would indeed be a task for a team 
of specialists in irrigation engineering, agronomy and soils. 

The association of an agricialtural economist in these reviews 
would bo desirable. The responsibility for the reviews has 
naturally to be that of the Irrigation Departiuent, the 
Agriculture Department making other specialists available to 
for Q the team. There should be a forum to iron out 
differences of views and take decisions, 

15,10.6 To stcu:'t with, the Irrigation policy in respect of 
the project and preferably for the entire basin or subbasin 
should be clearly laid down by Government. The various 
irrigation policies have boen discussed by the Irrigation 
Commission (1972) in its Report, The choice would be for 
deployment of irrigation supplies for (a) maximum production 
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per unit of area; or (b) aaxlmuai production per unit of water; 
or (c) maxlmurn area served. The reviews Jiay call for- some 

■j 

experiments and observations. iU-ternative cropping patterns 
and varieties may have to tie field-tested before adoption. Soil 
analysis may become necessary if adequate dhta on soils in the 
command . area are not available. Observations may become 
necessary to determine percolation and seepage losses as also 
Gvapotransplratlon losses during different seasons. These . 
measures should tie initiated early, so that a proper review of 
projects is not inordinately delayed. These tasks would need to 
be assigned for completion according to a prescribed timetable. 

15.10.6 Whenever a new project is formulated to make Up the 
water deficiencies in an existing project or enlarge its scope, 
it is Important that the existing project should be, carefully 
reviewed in all aspects and the required changes planned with the 
preparation of the new scheme. In fact, there should be a 

uL 

CO aprehenslve project fcfr'^tlon eoablhing the old and,the new 
project. The cropping pattern on the old project, under the 
changed conditions, should be carefully reviewed. Where channel 
capacities have to be increased to take slip pie mental supplies, 
it would be a suitable occasion to’line the channels if not- 
already done, as lining in itself will provide substantial 
Increase in capacity apart from conferring other benefits. 

15.10.7 In order to get an idea of the scope of Improvement 
in the existing Irrlgatioa projebts'and to establish .a 
methodology for such reviews, we requested a'.few States, in 
December 1971, to make a review of some selected medium sized, 
storage projects where irrigation had .more or less fully 
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englneerlr^, water utilisation and.agronomic aspects. The 
following five projects were reviewed: 

i) Badua Project (Bihar) j 
li) Ghod Project (I^a.harashtra); 
ill) Harsi Project (Madhya Pradesh); 

Iv), Shetrunjl Project (Gujarat); and 
v) Lower Bhawani Project (TaiTill Nadu). 

The Commission visited the first three projects in 1972 and 
discussed with the State authorities the results of the 
stiidles carried out hy them. In view of the importance 
which wo attached to such reviews, va submitted an Interim' 
Report on the subject in February 1973, recommending provision 
of adequate funds for the purpose in the Fifth Plan then under 
preparation. Guidelines for the reviews, modified slightly 
in the ilght of the result of reviews already made, were 
suggested and are given in Appendix 15.5. 

15.10.8 ' In the plans, conpletion of incomplete projects has 
been accorded higher priority than new projects. Existing 
irrigation projects which are rot performing satisfactorily 
and which are amenable to irprovement are no better than 
Inccmplete projects. They deserve serious attention. 
Investments already made on these projects should hear full 
fruit oven if it means incurring some more expenditure to 
bring it about. The economic gain in the shape of larger 
production and greater employment opportunities will in most 
cases amply Justify so.ae fui'thcr Investment on them. Review 
of these projects would reveal several steps that can be 
taken, mostly, in the fields of agronomy, water management 
and operation which would enhance the utility of these projects 
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without any significant expondituTG, All those aspects have to 
be exaiulned. It is necessary that the scope for i.nproveraent of 
these projects and the outlay involved should be deterniined in 
a systeTiatic 'nanner. Wej therefore^ recoainend that States should 
organise a coTiprehensive review of their pre-plan and earlier 
plan projects to be go npleted within five years, and formulate 
a programme for their Iraprovement, The use of available water 
resources in a State should be examined afresh for an 
equitable and more productive use and the existing rights of 
water use need not unduly stand in the way of better 
redistribution. 

16.10.9 Although desirable to do so, it may not be practicable 
to carry out all the improvements on a project simultaneously on 
account of financial constraints or other reasons. But it is 
important that there should be a clear picture of the totality 
of improvements which are to be brought about and work on 
individual aspects so carried out as to ultimately fit into this 
overall plan of improvement. 



11 ECONOMICS AND FINANCING OF IRRIGATION W3RKS 

15.11.1 aefore Independence, Irrigation projects were required 
to satisfy a financial criterion for sanction. They had to be 
financially viable and show a profit. However, In the case of 
protective Irrigation worksj'which were few and far between, this 
requlretnent was relaxed. The financial test was applied by 

1) considering the capital cost of a work as 
the sum actually spent on its construction; 

11) debiting the revenue account yearly with 

(a) the simple interest on the capital cost of the 
works at the commencement of the year; and 

(b) the working expenses of the year; and 

ill) crediting the revenue account yearly with 
direct and indirect receipts. 

The difference between (ill) and (li) above for any one year would 
show the profit or less for that year.; The tost of financial 
viability was that the project shr.;ald show at least the 
prescribed percentage return on the sum at charge in the tenth 
year after its opening, the sum at charge being the capital cost 
plus the arrears of interest i:^to that year. The required 
percentage return was fixed from time to time and ranged between 
3,75 and 6 per cant. The financial criterion, which was 6 per 
cent between 1921 and 1949, continued to be applied for some years 
after Indarendence, though the rate kept on changing, 

16.11.2 The earlier irrigation sche®es were mostly diversion 
works for irrigating flat lands and were relatively 
Inexi'enslvo, But many post-Independence schemes had storage 
dams and channels in undulating terrain .and were in 
consequence more expensive. Some of these did not measure 
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upto the financial test. It was thus felt that the rigid 
application of the financial criterion was a discouraging factor 
In the develnpnent of Irri. gatlon. Moreover, It was argued that 
apart fro a direct Irrigation revenues, substantial Increase In 
revenues accrued to the Governaont under Incnme tax, excise 
duties, sales tax, transport etc. Studies showed that the 
Increase In revenues mder heads other than Irrigation was 
substantial. Further, Irrigation projects conferred several 
acono3ilc and social benefits. In agriculture, there were 
higher yields, better quality crops, double cropping and 
agricultural diversification. Processing Industries were 
established, consUJier Industries expanded and retail trade 
transport and comunlcatlon Improved ccnsldarably. With the 
developnent of Irrigation there were larger Inc-'mes and greater 
employment opportunities In the rural economy. Thus the total 
benefit firom Irrigation was much more than the direct financial 
return which accrued to the Government from Irrigation revenues. 
In 1964, the Committee to Suggest Ways and Means of iT^rovlng 
Financial Returns from Irrigation Projects recommended that 
economic benefit criterion shoiild be adopted for sanctioning 
Irrigation projects Instead of the financial criterion. The 
Government accepted this recommendation and the benefit-cost 
ratio criterion has since been in use, 

15.11.3 Bdfore considering the merit of the benefit-cost ratio 
as a criterion for judging, the merit of an Irrigation scheme, 

It would be of Interest t*- take note of certain conditions'under 
which development of Irrigation Is done In the country. India 
Is a federal republic and under the Constitution the primary 
responsibility for the development of water resources rests 
with the States. Each State, therefore. Investigates, 
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constructs and operates its irrigation projects. In the plans, 
the outlay for the development of irrigation is provided in the 
States' sector. In the complex task of formulating a five 
year plan the judgement as to how much outlay should be provided 
for irrigation and how much for other heads of development such 
as industry, power, health, education, etc.,is based on a 
careful study of the sectoral needs and various constraints 
of an overall nature. In arriving at intersectoral allocations 
the economic evaluation of individual irrigation projects is 
not an overriding'conslderaticn, 

15.11.4 Irrigation projects do not individually compete with 
projects under other'heads of development. For Instance an 
irrigation‘project cannot be dropped in favour of a fertiliser 
project Tier ely because the latter has a higher benefit-cost 
ratio or rate of return. If due to financial consmrainm fne 
outlay for irrigation is squeezed that does not affect the 
acceptance or rejection o,f any individual irrigation scheme. 

It merely defers the taking up of a hew scheme or slows down 
the pace of construction. 

15.11.5 Since individual irrigation projects are not in 
coQipetitlon with projects under other heads of development, 
the econoimic criterion, whether .it is l:)eneflt-cost ratio 

or any other,' has to ;X3 applied to them only for (a) accepting 
or rejecting a project; and (b) fixing Inter se priority of 
irrigation projects. Even for determining the priority of 
an irrigation project a Mgher henefit-cost ratio'or rate of 
ret'Jrn has hot been the '‘^nly consideration. The backwardness 
of ah area, the extent of existing irrigation facilities 
there, susceptibility of the area to droughts and scarcity 
and the gestation period of the project all have weighed 
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in the fixation oi priority. In practice, therefore, an econoidc 
criterion has hitherto been applied to an irrigation project 
primarily for determining whether the project should be accepted 
or not. The total water resources being less than the needs, 
ultimately all the physically feasible projects will have to be 
taken up, 

15.11.6 The benefit-cost criterion was first mooted for 
adoption by a study group headed by Prof, D.R. Gadgil in 
June 1964 and was recoimnended later that year by the Goimmittee 
to Suggest Ways and Means of Improving Financial Returns from 
irrigation Projects. The Gadgil Study Group stated that "the 
benefit-cost ratio is not a faultless criterion and we do not 
waint to minimise its defects”. It had further stated as under* 

"2.3 The benefit-cost ratio is an efficient 

criterion for determining vrfiether a project 
is economically viable and paying but is not 
so good as a criterion for' ranking projects 
that have a benefit-cost ratio of more than 
one. Ranking drne purely by the excess of 
benefits over costs totally ignores the problem 
of the scale of different projects being 
compared. But a suitable reworking of the 
benefit-oost calculations can give a much more 
accurate ranking of such projects. One such 
reworking we discussed was the Internal rate 
of return. But others can be as efficient and 
we wo\jld like to keep the issue open for 
decision,” 

15.11.7 Increasing agricultural production is a matter of 
great urgency and irrigation has a key role to play in it. In 
order to maximise the iDenefIt of .the Irrigation projects within 
the limited financial resources available priority has to be 
accorded to the most economical projects. The economic 
criterion to be applied to Irrigation projects has, thus, not 
only to provide a measure for accepting or rejecting a project 
but should also give a satisfactory means of comparing the 
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relative econo-aic worth of a nuniber of projects ror lixing 


their inter se priorities. This would require a change froa 
the criterion of benefit-cost, ratio currently in use. The 
internal rate of return criterion has widely been used by 
the International Development Association in evaluating projects 
posed for loans. This criterion being more satisfactory '^han 
the criterion of benefitr-cost ratio is reco-aaended for 
adoptfcn in future. This departure from the recommendation 
iTiade lay the Irrigation commission to continue with the use 
of the benefit-cost ratio criterion is justifiable in the 
light of further scrutiny, 

15.11.8 A multipurpose project may-envisage a number of 
benefits, such as irrigation, poVer generation, flood control, 
navigation, etc. A specific Investment is needed to realise 
an- individual benefit. At the project formulation stage, 
therefore, the economic test should be applied not only to 
the various alternatives to find out the best one but also 
to the various elements .of benefit to determine their 
Individual worthwhileness. 

15.11.9- The cost esti lates of irrigation projects do not 
include the cost of a command area development for which, 
separate estimates are prepared. Yet, the full benefits of 
an Irrigation project can accrue, only after land has been 
shaped and field channels and field drains have been 
constructed. The Irrigation Gomraission has recommended 
that in making an eC''nomlc appraisal of an irrigation scheme, 
the project cost and the cost of landshaping and of 
constructing field channels and field drains should all 
be taken into consideration. We fully agree with this 


r e CO mimendatlon. 



106 

15.11.10 There has been; a suggestion that the cost of soil 
conservation neasures In the catchment area or a portion of the 
cost,' should also be taken Into account In 'naking an appraisal 
of an irrigation project, as these neasures go to prolong the 
life of the storage reservoir. But as stated by the Irrigation 

I. ■ 

CoTimlsslon In paragraph 11.16 of Its Report, there are practical 
difficulties in doing so. There are several benefits which would 
accrue froTi these neasures besides prolonging the life of the 
reservoir and apportionnent of the cost between then becones 
difficult and debatable. Also problens arise vrtien the benefit 
to an irrigation project accrues'In a State different fron that 
in which the catchment lies. The complications get accentuated 
when on a river there are a number of projects and these are 
taken up for construction during periods which are long apart, 

Cn practical cnnsiderations, therefore, the Irrigation 
Commission has recommended that the cost of soil conservation 
measures in the catchment area of an irrigation project need 
not be taken into account in making an economic appraisal of the 
project. We fully agree with this. 

Water Rates 

15.11.11 The giving up of the financial viability test for 
sanctioning irrigation projects has encouraged a laxity in 
charging appropriate water rates to keep the projects 
flncincially remunerative. This is evident from the fact that 
immediately after Independence with the financial productivity 
test still in use, irrigation works in the country as a whole, 
yielded a net annual profit of over Rs. 1 crore after meeting 
the cost of maintenance and interest charges. Now the 
irrigation and multipurpose projects are incurring a tremendous 
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loss. In 1971-72 for which figures are now available, it 
anounted to about te.l41 crores. The Statewlse details are given 
in ^^pendlx 15.6. We urge that at the tlfte of C(^nslderlng a 
new project for sanction, its financial return should also 
be carefully examined and if found unreiuuneratlve, steps should 
be initiated to sake the project financially Viable. 

15,11.12 There is a view that the provision of irrigation 
facilities should be regarded as a aeasure of social welfare 


and that irrigation rates should, therefore, be kept low. The 

Irrigation Commission examined this point of view and expressed 

itself in its Report as underi 

"There is a view that irrigation projects should 
be undertaken not so much for the purpose of 
earning revenue but as a measure of social welfare, 
and that the Irrigation rates should, be kept low. 

This approach would bo valid if the benefits from 
Irrigation projects were, more or less, evenly 
distributed over the entire farming comaiunity. 

But this is not the case, as the main beneficiaries 
are only a section of the cultivators In the comimand 
area. It woiild be highly inequitable to call upon 
dry-farmers and the general tax-payer to pay for 
benefits enjoyed by irrigators. For this we have 
the powerful support of the First Irrigation 
Commission (1901), which commented that 'Prlma 
facie, there is no more reason for calling on the 
State, or, in other words, on the general tax-payer, 
to bear a permanent charge of, say Ri. 6 per annum, 
for the sake of increasing by Irrigation the 
produqe of an acre of lauid belonging to a private 
owner, than there would bo for calling on it to 
pay a similar amount for the purpf^so of supplying 
another man's acre with oianure'. Wo are, therefore, 
of the view that Irrigation works, ai a whole, 
should give an annual inco’me at least equal to their 
annual cost of operation and that no part of the 
burden for providing Irrigatlcn should fall on 
the general tax-payer". 

We are in fxai agreement with these views. The Irrigation 
Commission has further opined that farmers in drought 
affected areas should also be charged normal irrigation rates. 

Wo endorse this opinion. It has pointed out that wherever 
in drought affected areas irrigation has been introduced, the 
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benefit of Irrigation has bean relatively more and farmers there 
have becoTie as prosperous as their counterparts with similar 
facilities elsewhere. 

15«11*13 The Irrlgatlf^n rates have not been keeping pace with 
the rising prices and are exceedingly low. For example, during 
the two decades, 1963 to 1973, the wholesale price of rice rose 
by 169 per cent, while no change was made in the water rates 
for this crop In Andhra Pradesh, liadhya Pradesh and Punjab. 
Rajasthan raised It only by 18 per cent, Karnataka by 16 per 
cent and Bihar by 8 per cent. Likewise, during this period, 
the whi'lesale wheat prices rose by 118 per cent, but the major 
wheat growing State of Punjab made no change in the water rates. 
Rajasthan raised it only by 5 per cent. There has iDeen a marked 
dlslncllnatlcn to take the unpopular but thfjroughly Justifiable 
measure of raising water rates to a proper level. As pointed 
•out by the Irrigation Commission, the canaJ water rates In force 
for the two major irrigated crops, rice and wheat, range between 
1.1 and 4,5 per cent of the value of produce, which Is very low. 

A large part of the irrigated area in the c(;untry receives 
Irrigation ftom privately owned sources and the farmers concerned 
Incur heavy expenditure on Irrigating their crops, Sone of them 
purchase water ftom owners of neighbouring tubewells or lift 
pumps at a price several times higher than canal rates and some 
even share upto a third of the pr< duco In return f^^r the water 
Used, It is, thus, evident that the farmer realising the key 
role of irrigation amongst various Inputs, Is prepared to pay 
higher water charges and has the capacity to do so. There is, 
therefore, hardly any Justification for keeping the rates so 
low as to cause a loss to the exchequer and a burden on the 
rest of the cdmmunlty. The water rates In force In the various 
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States are given in Appendix 15.7. These require early upward 
revision. 

15.11.14 The growing of a particular crop can he discouraged 
to soTie extent hy fixing a high water rate fop it. As water 
rates, even when fixed at an adequate level, would constitute 
only a small fraction of the value of the crop produced, 
their influence upon the choice of -crop by the farmer cannot 
bo largo. Punitive water ratos, however, can be effective in 
discouraging an undesirable crop. 

15.11.15 There is considorable diversity in tho system of 
levying irrigation charges in dlfferont States. In north 
India, the chargos are levied on crop-hectaro basis, l.o., 
tho rates vary fro a crop to crop. In Sc»*tri 
irrigation charges are aorged with land revenue to be 
recovered as a consolidated amount. This system arose out 
of tho fact that on early irrigation works, rice was the 
predominant crop, if not tho only crop to be irrigated and it 
was, therefore, convenient to combine water charges with 
land revenue. In Wesm Bengal, deltaic region of Orissa, and 
parts of Bihar and !'iadhya Pradesh, whore climatic conditions 
made it uncertain whether the cultivators in any particular 
season w^uld take water or not, a system of lease was 
introduced with the intention of inducing farmers to take 
irrigation water by offering lower rates for long term 
leases. The Irrigation Commission has recom.mended that tho 
prevailing Irrigation rates structure in the various States 
should be reviewed and put on an equitable and rational basis. 
Those are best levied on crop basis except in the case of 
irrigation from State tubewolls where the charge csum bo on 
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yolunetric basis. The Irrigation Co-nraisslnn has set down the 
various considerations which would be relevant in determining 
water rates. To the farmer, the value of irrigation water is 
the net gain which he derives from its use. From his point of 
view, therefore, the water rate should be related tn the Incn.ma 
from the irrigated crop and not to the cost f)f the project 
concerned. As all projects do not offer to the cultivators the 
same quality of service in terms of adequacy and timeliness of 
supply, there can be differential rates based on this 
consideration. Rates should not vary fron project to project 
except for quality of service. Where this is done, the disparity 
should not be large. The overall consideration in fixing water 
rates should be that, taken as a whole, the irrigation works in 
a State shoiild not Impose any burden on the general revenues, 
16.11.16 In a number of States, like Gujarat, Karnataka, 
liadhya Pradesh, Maharashtra and Tanil Nadu, an irrigation cess 
is charged on irrigable areas on canals in consideration of 
irrigation facility having been provided at public expense. The 
cess is charged whether the farner takes water in any season or 
not and is intended to cover the uaintenance cost of irrigation 
works which have to be maintained in any case, A two part 
tariff, comprising a cess as mentioned above and a water rate 
whldi is fixed cropwlse but allows credit for the cess, is 
useful in promoting the full use of Irrigation supplies. It 
is, however, not justified on canals with low intensity of 
irrigation and which do not carry sufficient supplies to meet 
the den.-ivnd for irrigation in full. It is recommended that 
on canal systems where f.armers are prone to speculate on • 
rainfall in order to avoid having to pay for irrigation, 
a two part tariff should bo adopted. On new irrigation system 
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gradually rising crncessional rates in the initial two or 
three ya&rs might be levied as a promotional measure. 

15.11.17 For economy in the use of water, supply by volume 
would obviously suggest itself. This mode of supply, however, 
is feasible only where an outlet supplies water to a single 
farm holding or at the most to a few farm holdings. But in 
India, as also in other countries with high popiilatlon density, 
land holdings are relatively small and a single outlet serves 
land of many farmers. In such a situation, the metering 
arrangement does not work for various reasons. Earlier 
experiments made in the twenties in the Punjab proved 
disappointing. More recently, the Government of Maharashtra 
foimd the arrangement unworkable when water was supplied 

on volumetric basis to three cooperative sugar factories on the 
Pravara Oanal System, Likewise, the Government of Gujarat 
which accepted the principle of volumetric supply to 
cooperatives of irrigators did not find the system practicable. 
No other State has attempted to introduce it. Volu^netrlc 
supply on State tubewells, however, is entirely feasible and 

is in vogue. 

16.11.18 Irrigation being the responsibility of States, 
outlays for its development are provided in State plans, 

Because of the large requirements of aajor irrigation projects, 
it has not been possible at times to fully accomodate their 
needed outlays in the State plans after meeting the essential 
requirements of other sectors of development. This constraint 
has been retarding pr'^gress on many projects. Centre attempted 
to smo-then this difficulty in the Fourth Plan by apportioning 
10 per cent of the Central assistance by giving weightage to 
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continuing large Irrigation and power projects on which 
sufficient progress had been aade. The Central assistance to 
Individual States took Into account the a-nount apportioned by 
welghtage to these projects. The outlays fop thea in the State 
plans were ear narked to ensure that the allotted a.aounts were 
fully made available. This procedure is being continued In 
the Fifth Plan also. Alth.-ugh It has helped, yet It has not 
co.npletely renoved the difficulty and s . ne of the projects 
still do not get adequate funds for an optinu-Ti schedule of 
construction, 

15.11.19 For planning construction of large Irrigation 
projects on a sound basis, there has to be a reasonable 
assurance that funds would be forthcoiiing according to the 
stipulated construction prograrune. A protracted period of 
construction not only delays accrual of benefits but also 
3iakes the project nore expensive as overhead costs increase, 

A large project which is apt to drag its feet due to 
constraint of funds in the State plan should be provided with 
additional funds fro-a the Centre after ascertaining the outlay 
which can be reasonably net frc>n the State plan, and the 
construction carried out at the optl.naTi pace. The entire 
outlay for the project in the State plan including the 
additional Central assistance should be earuirked. For such 
assistance only large projects that would irrigate Tiore than 
200,000 hectares need be considered. This arrangement makes 
it all the more important that planning of projects should 
be done carefully and estimates prepared correctly, price rise 
which cannot be forecast excepted. The estimates of all 
irrigation projects should be reviewed and updated atleast 
once in five years and in any case before the formulation of 
a five year plan. 



12 IRRIG ATI ON aDMINI STRaTI ON 


15.12.1 Wg have deeilt with various featiares of agricultural 
ad'alnl strati on in. the Chapter 62 on AdTilnl strati on. Here we 
set down our views and reco'iraendatlons on certain adiilnlstrativ? 
and organisational aspects of developnent of water resources, 

15.12.2 Earlier In this Chapter, we have expledned the 
interchangeability of surface water and groxindwater in the 
hydrological cycle. Groimdwater has its source in surface 
water either in the shape of the percolation of rain water 
or seepage from streams and canals or percolation from 
Irrj"ated areas. Likewise, the dry season flows in many 
streans arise from groundwater regeneration. In view of 
this inter-relationship of surface water and groundwater, 
the two have to be considered together in planning for 
development of water resources in an area, 

15.12.3 An irrigation pr'^ject has to supply water for 
raising crops. Even if all the channels are constructed for 
the purpose and wafer is made available at the outlets, an 
irrigation project cannot be c nsidered complete unless 
water can be delivered satisfactorily to individual fields. 
Therefore,, in an irrigation scheme, not only the storage, 
headworks and irrigation channels have to be constructed 
but also waterc^Airses, field channels and drains have to 

be provided and land levelling and shaping done. In the 
past, development of irrigation was considerably hampered 
due to; delay in providing the l^.fter for lack of proper 
coordination between construction of project and 
development of comnanded area. The estimates for project 
construction and command area development are prepared 
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separately and outlays are also provided, separately. In 
Section 6 we have recounended that the Irrigation project 
report should cover both engineering works and co.iniand area 
development and that it should be this complete report that 
should be considered for sanction. 

15.12.4 Soil conservation is emother field of activity which 
has a great significanca in the development of water resources. 

It is the land use in the catchment area, whether under forest, 
grass or cultivation, that deterimines the extent to viildi 
precipitation is disposed of by different processes such as 
surface runoff, infiltration and avapotransplraticn. For 
example, infiltration of rainwater into the soil under forest 
is usually greater than under any other form of land use. 

Also forests have a great deal of regulating effect on the 
pattern of stream flows. They reduce sediment load in rivers 
and moderate flood peaks. Properly managed grassland has 
similar effect, arable land in catchments, unless cultivated 
properly, can contribute large amount of sediment and cause 
high flood flows. There are several instances in the southern 
psrt of Africa of storage dams, built in watersheds already 
cleared for agriculture, which were threatened first by 
sedimentation, then, as the intensive soil conservation 
[:rogra[iimes to reduce the sediment yields succeeded, by diminution 
of runoff so m\ich so that these reservoirs now rarely fill up. 
rhus, a change in the landuse pattern can considerably alter 
water resources of the catchment area, peak flows, sediment 
charge and the period and extent of dry season flows in streams. 
These are ^natters of great significance to those who are 
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progressive effect of soil conservation measures and land use 
in catchnaits has to be carefully watched an,d evaluated. There 
is need for oaking regular observations '^■n various important 
streams not only of water flows but also of sediment flows. 

The latter are ’oest observed at the various river gauging 
stations as CO am on facilities can be used for both the purposes. 

15.12.5 The aain use of water resources in the country is 
for irrigation. This will continue to be so even whan 
Industry develops in a big way. It is, therefore, the 
Irrigation authorities who have to shoulder the inaln 
responsibility for the proper develop aent of water resources. 
Till October 1974, while minor irrigation including groundwater, 
water management, command area develop uent and soil conservation 
were being dealt with in the Land and Water Wing of the Ministry 
of Agrlcultxxre, irrigation was the concern of the Ministry of 
Irrigation and Power. In the Planning Commission, however, 

all these subjects were in the charge of the same Member from 
1967, With the reorganisation of ministries .in .October, 1974, 
irrigation was shifted to the Ministry of Agrlcultiu'e which 
was redesignated as the Ministry of Agriculture and Irrigation. 
This rationalised the handling of these subjects by bringing 
them in the same ministry. 

Organisation for Hydrology 

15.12.6 Hydrological data are the very basis for a planned 
development of water resources. These, comprising river and 
stream flows, precipitation and groundwater observations have 
to be available extending over a fairly long period, say 30 
years, for making a reasonably dependable assessment of them. 

At present, these are dealt with at several levels and by 
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several organisations. At the Centre, the IncJi a Meteorological 
Depart lent, the Central Water Co amission and the Central Gromd 
Water 3oard are concerned. In the States, the Irrigation 
Department and the state Ground Water Board ^re the main 
organisations that deal with the subject. But \hatever data 
are collected in the States are mostly kept for their own use 
and some of them are not published at all. In vi ew of the 
ifiiportance of hydrological data for the efficient development 
and utilisation of water res lurces, it is pertinent to review 
the organisational arrangements for them, both at the Centre 
and in the States. 

15.12.7 At the Centra, the India Meteorological Department 
(IMD) has been dealing with precipitation which is the main 
soiirce of water resources in the country. The IMD receives 
rainfall data from an extensive network of about 5,000 ralngauge 
stations (Oaintained by itself or the State Governments, addition, 
there are more than 3,600 non-reiortlng stations maintained by the 
Railways and other agencies. The IMD has good aa*rangenents 

for rapid processing and analysis of data with the help of 
computers. 

15.12.8 The Central Waterways, Irrigation and Navigation 
Commission, later converted into Central Water and Power 
Co minis si <^n, and now Central Water Commission (CWC) was set 

up in April 1945, to initiate, coordinate and further schemes 
for the control, conservation and utilisation of water resoift-ces 
in the country for purposes of water power generatlcn , 
irrigation, navigation and flood control, amongst its various 
responsibilities, it was specifically required to undertake 
studies on hydrological and related aspects of water resource 
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devalopmentj and to collect, collate and publish hydrologlcail 
data. The set-v^; of their organisation Included a Directorate 
of Hydrology, 

15,12*9 As regards groundwater, the direct responsibility for 
all aspects of its davelopaent lies with the State Cioveminants. 
The Centre, however, has an important role to play In providing 
leadership In introducing new Ideas and techniques, evolving 
methodology, laying standards and norms for planning and 
scrutiny of groundwater development schemes, and providing 
technical guidance whore required. It also has to ensure 
coordination of research work In groundwater assessment and 
development. The Central Ground Water Board is the central 
organisation for doing all this. 

15.12.10 In September 1971, the Department of Science and 
Technology proposed the setting up of a National Hydrolpglcal 
Board for Improving observation and collection of hydrcloglba] 
data, their compilation and publication, instrumentation, and 
making water balance studies. The Br)ard was to advise the 
Central and State organisation on the proper use of water, etc 
The Board was to have a Chairman and Members from different- 
departments and ministries including CWC, IMD, GSI, ICAR, IIT. 

15.12.11 The Irrigation Commisslc.n (1972) recommended the 
setting iq) of a Directorate of Hydr'^logy under a Director 
General to be attached to the Ministry of Irrigation and 
power, with the following functions: 

1) the collection of gauge, discharge and 

sediment data for all major rivers and their 
tributaries at key gauging stations; 

.1) the promotion of vfork of preparing longitudinal 
and cross sections of rivers; 
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ill) the staindardlsation and inprove'TKBnt of methods 

and procedures for the collection and assessment 
of hydrological and sedimentation data; atid 

iv) the periodical publication of hydrological data. 

15.12.12 Recently, it has been proposed to set up a National 
Institute of Hydrology at Roorkee. This would essentially bo a 
research organisation. It would be responsible for carrying oUt 
basic and advanced research on all aspects of hydrology including 
lnstru.nentatlon and development of sophisticated techniques. 

This autonomous scientific institute is to have a governing council 
nominated by Government of India with members drawn from CWC, 

IMD and CGi/ffi and some other exports connected with the subject. 

This is more or less what the board proposed by the Department 
of Science and Technology was to consist of, 

15.12.13 It .might be stated that one of the responsibilities 
Trfith v^ich the Central Waterways, Irrigation and Navigation 
Gcmmissiion, now G'VC, was charged at the time it was created 
nearly three decades ago was to undertake "studies on 
hydrological and related aspects of water resources development 
and flood control". This function yet remains to be discharged 
satisfactorily. There are Directorates of Hydrology, Surface 
Water Resources and Statistics in the CWC. If the performance 
of these Directorates has falldn short .^f expectation, it is not 
due to lack of expertise or even any serious inadequacy of staff. 
The main handicap has been the difficulty of obtaining data 
from the States. We are of the view that the setting up of a 
Directorate of Hydrology under a Director General as proposed 

by the Irrigation Commission would not by Itself overcome this 
difficulty. We would, therefore, recommend that the CWC should 
be allowed to continue to perform its legitimate function of 
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collecting, collating and publishing hydrological data. It 
should be adequately staffed and equipped vd.th requisite 
equipment and aids. We further suggest that the Goverrment 
of India should take steps to roake it obligatory on the 
part of the States to furnish the hydrological data which they 
collect to the concerned Central organisations as niay be 
required, 

15.12.14 With the India Meteorological Department continuing 
to deal with precipitation, the Central Ground Water Board 
handling groundwater in all its aspects, the proposed National 
Institute of Hydrology concerning itself with all hydrological 
research, and the Central Water Commission collecting, 
collating and analysing hydrological data and publishing them, 
the organisational arrangements for hydrology at the Centre 
should be adequate. Only, these organisations have to be full 
assisted to enable them to discharge their functions 
satisfactorily. 

River Basin Commissions 

16.12.15 We have pointed out in Section 6 of the chapter the 
importance of preparing comprehensive river basin plans. The 
need for such plans was felt in early fifties and the 

River Boards Act was passed in 1956, empowering the Ikilon 
Government to establish river boards to advise the State 
Governments concerned on the regulation and development of 
inter-state rivers or river valleys. The advice of the River 
Boards had to be on the basis of comprehensive river basin 
plans prepared after fully marshalling the necessary technlca] 
data. They were to secure the largest possible measure of 
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acreenent a.-aong the concerned States to the schemes proposed In 
the basin plans. In the event of disagree'nent between the 
States, the dispute could be referred to arbitration by any 
of the Interested Govermients. In setting up th: river boards, 
the concerned State Govern nonts were reqiili ed to be Cfn suited. 
Between 1961 and 1963, proposals for a nuirber of river boards 
were referred to state Governaents, sc-no of which concUiTod 
while others showed reservations. 3y this time it was suggested 
that if CW&PC were suitably strengthened it eould perform the 
sane functions as were being entrusted to the boaids. The 
upshot was that no river board was set up nor has any basin plan 
been prepared by the C'/C, 

15.12.16 The above position was noted b./ the Irrigation 
Commission (1972) and it proposed the setting up of river basin 
commissions by am Act of Parliament, to perform more cr less the 
same functions as were expected of the river boards. The 
following functions were suggested 

1) to compile and analyse, baslmn-so, hydrological 
data collected by the uirectoT?’ : of Hydr^'lngy 
and other agencies* 

11) to compile and analyse, basinwise, geo- 
hydrologlcal and other groundwater- data; 

111) to prepare basin plans; emd 

Iv) to deal with any aspect of water res'^urces 
development entrusted to it for st-udy by the 
Union G<3vernment or the Natimal -Water 
Resources Council (dealt with later on). 

For the composition of the river basin commissions and the 

procedure to be followed by them, the Irrigation Commission 

stated that 

"each Commission should have four whole-time 
members; two senior engineers-, an econoioist 
specialising In agricultural economics, and 
an agronomist, all of them nominated by the 
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Union Gov ernraont. One of thes^ mo Tiber s will 
be nominated; as Chairman by the tftiion Government. 
Sach State Government concerned with the basin 
will nominate one of its,Chief Sn^neers as a 
part-time member. Smaller States and Union 
Territories may be grouped for being given 
representation by rotatlori," 

The river basin plans prepared by the Commissions 
will be sent to the States for their opinion, 
and, thereafter, the plans along with the views 
of the States, and the comments of the Commissions, 
if any, will be submitted to the National Water 
Resources Council. Thereafter these plans will 
be forwarded to the States and the IMion 
Government for imnlementatlov" 

The,main difference between the river basin commissions and 

the river boards under the River Boards Act 1956, is that 

whereas the basin plans prepared by river, basin commission 

would go bp to the National Water’'Resources Council for 

approval, and differences of opinion or approaches would bo 

sorted out'there, the disputes arising from proposals of 

river boards have compulsorily to go for arbitration under 

the River Boards Act, That can be a protracted affair and 

may lead to the reopening of issues on which agreement may 

have been secured. We, therefore, support the idea of 

setting up river basin commissions by an Act cf Parliament. 

15.12.17 The river basin commissions should examine not only 

the best use of water resources Within a river basin but also 

the possible better use of part of these resources elsewhere 

where the need may be great and’'tha benefit considerable. 

The present water use may not be the best in some parts of 

the country and, therefore, the existing water use should 

also be reviewed while formulating the basin plans. The 

existing laws do not cater for any inter-basin transfer of 

water but recourse to law for such transfer should be taRen 
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as a last resort, 'Sven within a basin an equitable distribution 
if water resources between its various parts, deterniinad 
Judicially, bristles with difficulties as giving due weight to 
3ach of the dozen considerations which have to be taken into 
account in apportioning shares is no easy task and can lead to 
protracted arguments, A settlement by mutual agreeinent is far 
more satisfying and is more willingly Implemented than a Judicial 
award. Mutual agreements or compacts can be greatly facilitated 
If at the national level there is a high powered body to lay 
iown national water policies and which can lend its good 
offices in bringing about these compacts. 

National Water Resources Council 

15,12.18 The Irrigation Coimmission (1972) recommended the 
setting up of a policy making organisatioti at the highest level 
toj 

1) lay down broad technical, economic and financial 
policies in irrigation for the country as a whole, 
in relation to inter-state rivers and river 
Valleys; 

il) suggest priorities for the accelerated development 
of the water resources of each region and 
priorities for the use of water; 

Hi) define possibilities of importing water from or 
exporting water to another basin, l.e,, the 
transfer of water ft:om surplus to deficit areas; 

iv) evolve formulae to evaluate costs and benefits 
when sanctioning river basin projects; and 

v) review basin plans prepared by river basin 

commissions, prior to sending these plans to the 
Union'iGoverninent and to the States. 

The Council was to keep a watch on the working of the river 

basin commissions and problems of inter-state rivers and ensure 

formulation'of projects to conform to the highest naticnal 

Interests. For its composition, it recommended that "the 
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Prlrie Minister of inaia shouj-a dq che Chairrnan of the Council 
and the Uiion Minister for Irrigation & Power (now Minister 
of Agriculture and Irrigation), its Vice-ChairiTian, The 
Ministries of Finance, Agriculture, Conraunlty Developoient, 
Planning, Health, Industry and Tourism, should be represented 
on it through their Ministers. Major States should be 
represented on the Council either by their Chief Ministers 
or by Irrigation Ministers. The smaller States and Uiion 
Territories C(''Uld have group representation, by rotation," It went 
on Lo "further reco.nmend that two eminent, irrigation 
engineers and the Chairman, CliiPC*, should be members of the 
ouncil" and "The C’-iRPC vrlll act as the Secretariat of the 
’Vater Reso\irces Council", Wa str'''ngly supjort the proposal 
to set up this Council, vfe further recomend that an eminent 
agricultural scientist may also be made a member of the Council* 
L5.12.19 Some Inter-basln transfers of water would be 
lecessoiry for making the fullest and the best use of water 
resources in the country. Some interchange of water between 
two basins .may be advantageous for reasons of economy and 
topography. Elsewhere surplus waters of a river may have to 
Je taken bo areas outside the basin. Even when water can be 
fully utilised v/ithin the basin, a portion may have to be 
spared for a nonriparian area because of greater need there. 

The existing la’-'s do not provide for inter-basln transfer of 
water. While such transfers are best arranged through 
agreements and compacts, which may be facilitated by the 
proposed National Water Resources Council, disagreements 

♦Now Central Water Commission (CWC) 
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cannot be ruled out,- Therefore, there has to be legal 
provision to ueet such a situation. This would involve an 
ainendrnent to the Constitution. We reco:naend that whatever 
constitutional a'^endinent is necessary for enabling a non-basin 
State to get water by transbasin diversion should be iaade. 
16.12,20 The priiiiary responsibility for the development of 
water resources and that for hydrology that goes with it, rests 
with the States. Water resources in every State are utilised 
for a variety of purposes, While irrigation is the major use, 
the other significant consumptive requirements are for 
municipal and industrial use and rural water supply. Water is 
drawn from surface sources or f^om underground. These sources 
have to be tappeif in a planned and coordinated manner. For this 
there has to be a water budget with a sourcewise account of water 
already being used and that" available for further exploitation 
in different areas. A track has also to be kept of the change 
that takes place in the total availability. This accounting 
would bring out any wasteful use of water and point to the 
danger of over-exploitation well in time before it occurs. 

For all this, there should be an adequate machinery. We 
recommend, therefore, that in every State a water resources 
accounting unit should be created in the Irrigation Department, 
that being the major water dispenser. We are glad to note 
that some States have already tak^ action in this direction. 

The strength of the unit would naturally vary from State to 
State, but should be at a level that would be effective. Also, 
there should be adequate arrangements for flow of information 
from other water-using departments. 
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Management of Irrigation 

15.12.21 The construction and operation of major and medium 
^.rrlgatlon schemas are essentially the resp<nslblllty of 
State. Governments, The organisational arrangements for these 
differ from State to State, In most States, the project 
estimates provide for the construction cf all works to 
outlets, main drains and watercourses. Field channels and 
field drains are required to ha constructed hy the Irrigators 
themselves. The Irrigation Department does not directly feel 
responsible fcr the development of command area vrtilch Is 
left to be dona by other departments Ilka Agriculture, Soil 
Conservation, Revenue, etc. The Irrigation Department, as the 
purveyor of Irrigation supplies, has to have a deep Interest 
In all measures which ensure the officlont conveyance of 
water from Its source to the field and all steps that are 
necessary for Its fair distribution and should, therefore, 
feel responsible for them, A dispersed and diluted 
responsibility In the matter Is not conducive to good 
result. VTe have dealt with this matter at some length In 

the next chapter. 

15.12.22 The extant of responsibility of the state Irrigation 
departments for the manage;aent of Irrigation supplies varies. 
In the northern States of Punjab, Haryana, Uttar Pradesh, 
Rajasthan and Gujarat, that department Is responsible for 
managing supplies right iQjto the field Including distribution 
of water among the oo-sharers on each outlet. The canal du^s 
are assessed by that department but are collected by the 
Revenue Department. In Madhya Pradesh, In the former 
Mahakoshal regions, Irrlgatlfti panchayats have bean In 
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existence since long and have been distributing water beyond 
the canal outlet and collecting Irrigatlcn dues. These have 
been found useful In rice areas. In Maharashtra; water 
panchayat cojuiittees were forned In 1950-51 and are continued 
In many places, but It has been the expC 2 rfence of the 
Irrigation Department that the committees have not been 
functioning effectively. In the southern States, the 
responsibility of Irrigation Department ends at the outlet, 
beyond which It Is the Revenue Department that Is responsible 
for the distribution of water and for assess lent and collectlc 
of water duos. If the Irrlgatl^i Engineer Is to run the 
system efficiently, he nust know how and whore the water Is 
being useti or misused. He can be made responsible for result! 
only If he has,a say In the distributirn and utilisation of 
Irrigation supplies. We, therefore, aro of the opinion, as 
was the Irrigation Co.aalssion, that the system obtaining In tl 
northern Statas has advantages and should be considered for 
adoption by other States, 



13 IRRIGATION RESEARCH AND TRAINING 


15.13.1 Tho last century saw the c jnstructlon of a number of 
major canal systems In India. Between 1836 and 1966, the 
I^per Ganga CanaJ., tho Upper Bari Doab Canal and the 
Krishna and Godavari Delta systems were constructed and the 
Eastern and Western Jamuna Canals, built eao’ller, \rere 
re-aodollai?. With the undertaking nf such large scale 
Irrigation works, efforts were made to Inprove the understanding 
of various hydraulic phenomena. Those research efforts were, 
however, Individual and unorganised. Organised research 
commenced cnly In the early part of the present century and 

It gathered momentum after Independence. Now almost every 
State has an. Irrigation research station of Its own, besides 
the two run by the tftiion Government, the Central Water and 
Power Research Station at Potna and the Central Soli and 
Materials Research Station at New Delhi, In addition, 

Irrigation research Is being carried out in a nuabor of 
universities and other Institutions. The research activities 
of these research stations are coordinated by the Central 
Board of Irrigation and Power. 

15.13.2 We have dealt with agricultural research, education 
and extension In Part XI of our Report. Here we wish to 
draw attention to certain Items of research concerning 
Water resources and Irrigation which we consider should 
receive more attention than hitherto. In tho past couple 

of decades, research In the field of Irrigation has tended 
to concentrate on materials eind hydraulic structures to the 
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neglect of hydrology and water use. 
been done under the ICAR and in some other research stations and 
institutions, hut a great deal more needs to he done. 

15.13.3 There is a fairly good network of raingauges in the 
comtry. The India Meteorological Department (IMD) has about 5^C 
of them all over the country and there are many more set up by 
the States and other organisations* While these provide ■ 
reasonably good data for estimating runoff in any year, 
observations in respect of snowfall and glaciers are inadequate 
for forecasting nonmmsoon flows in snowfed rivers. The II^D 
should devote special attention to this task, 

15.13.4 The interconnected balance between surface runoff, 
transpiration and infiltration gets altered on a change in the. 
landuse. Deforestation, for example, affects the pattern of 
streamflow. It increases surface runoff and decreases 
infiltration. In arable areas, likewise, the mode of cultivation 
affects infiltration, it being more in terraced or flat lands 

or where contour sowing is done. Qualitatively these phenomena 
are well understood and recognised but there is need to 
quantify the effect which a change in landuse brings about and 
for this purpose observations should be organised under various 
conditions of landuse in large areas and particularly in respect 
of soil conservation meas'ures in catchment areas, 

15.13,5 Groundwater is scanty and precious in the hardrock area 
of the peninsula. Exploration in this area is generally expensive 
Considering the importance and urgency of developing groundwater 
in this area which is exposed to frequent droughts, research 
in hydrogeological investigations and assessment techniques 
should be intensified and exploratory work in the area stepped up. 
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15.13.6 Artificial groundvatar racharge haa graat aigniflcanca 
in water pcvcity araaa in sonB (f which evan walla for drinlcing 
water go dry. The technique of groundwater racharge in auch 
araaa ahculd bo devalopad. HlthartO} thora haa boen no 
organiacd atte’apt to do so and a few axperlaoita that have 

boen ude have been dcaiUtory. 

15.13.7 There is a considerable less through evaporation in 
storage reservoirs. It is propo:?tionately higher in the case 
of saaller resexToira because of thair shallow depth. A good 
deal of utilia^ble uatei* can be saved if this loss is reduced. 
Sona research has been aade %rith substances like cetyl 
alcohol and OED-70 ate., reportedly with aooa aaaaure of 
success on one or two s>aa.ll reservoirs, but there has not 
been any real breakthrough as yet. Research with newer 
substances and in the technique of their aiplication and cost 
reduction should be pursued. 

15.13.8 A groat deal of water is lost froa irrigation channels 
through seepage. In view of the overall Insufficiency of water 
resources In the country to neet the irrigation re quire'sent a, 
particularly in the lev. rainfall areas, lining of channels has 
becoQe iinp.ortant. The ^gnitude of this work to ba \sidertakai 
in future years is enoriious. It is necessary-ytherefore,to 
intensify research in lining materials and techniques which 
would lead to greater ncouoiiy and more satisfactory results 
than at present. 

15.13.9 We have e.^phasisad the ioportanca of constructing 
proper field drains to renovc surplus water fTooi the fields 
as any unwonted water there affects yields. The depth and 
spacing of field drains dep'end on the nature of soil. Sorne 
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research is already being done in deteraining the optimira size 
and spacing of such drains, but there is need for expanding 
adaptive research in the natter. 

15.13.10 The damage to crops duo to prolonged root submergence 
varies with crop species. Sven for the same crop, the degree of 
susceptibility to damage differs for differoit varieties. The 
inforination regarding the extent of reduction in yield due to 
root submergence for different lengths of time during different 
periods of crop growth is very scanty. Research in this direction 
need to be stepped up as it has a bearing on regulating sowing 
operation in heavy rainfall areas and in the choice of the 

right variety. It would also help in designing the field 
drainage more precisely and economically. 

16.13.11 A fair amount of research has been made on the effect 
of niLmber and timing of irrigation on the yield of wheat crop. 

Some research has also been done on the effect of these factors 
on some other crops. The data in respect of the latter are, 
however, inadequate and this calls for intensification of 
research in this direction. 

15.13.12 Irrigation research should interest itself in the 
problems of water pollution. This is becoming increasingly 
important with large scale use of fertilizers and pesticides. 

Also increasing discharge of industrial wastes into streams 
and rivers is affecting river conservancy. Research in this 
field should, however, be fully coordinated with that being 
done by the National Binvlxronmental Engineering Research 
Institute, Nagpur. 

15.13.13 The Irrigation Engineer, basically a hydraulic and 
structural engineer, should have some knowledge of agriculture 
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to bo able to put the Irrigation supplies to the best use. He 
should be conversant with the water requlreoients of various 
crops during their crucial periods of growth. Ho should also 
know the extent to v^ich yield of various crops gets affected 
for want of tiaiely and adeauate irrigation supplies. This 
knowledge is essential to enable him to regulate supplies in 
the various channels satisfactorily. In the past, the 
irrigation engineer has endeavoured to gain an insight into 
these matters through experience in the field, i'fore recently, 
soao engineering institutions have taken steps to 1 apart 
education in agriculture and have Included in the syllabus 
such subjects as soil aoisture and crop water relationship, 
factors governing the consuaiptlve use of water, methods of 
application of water, principal Indian crops, their seasons 
and water requirements and use of manures and fertilisers, 
etc. Subjects connected with land manageaient such as 
waterlogging and draiinage, are also Included in the syllabus. 
This is a welcome step and should be emulated by institutions 
where not already doie. An engineer officer, on Joining 
the Irrigation Department, should be given a short practical 
training in agriculture at an agricultural university and 
should alsT work for a short period in the Revenue Department 
to acquaint hl.iself with revenue matters. Agriculture and 
irrigation techniques are making rapid advance. It is 
necessary that engineering personnel serving In Irrigation 
Department should keep abreast of these develojuients. For this 
purpose, there should be in-service training courses at 
suitable Intervals, 



14 SUMMARY OF RECOMMBNDATIGNS 

t w 

l€r,14.1 The rcco aaendatlons given below are not comprehensive. 
Only the aore Important ones are stated herd for special notice. 

1. Ch an average, precipitation In the country contributes 
about 400 million hectare netrea of water annually. Of this, 
only about 105 million hectare metres can be utilised in the 
long run. That would suffice for Irrigating about 52 per cant 

of the sown area of 210 million hectares expected In the early, 

part of the next century, lA view of the Insufficiency of 

water resources. to .meet the requirements, there la need for a 

great deal of efficiency and economy in their use, 

(Paragraphs 15.2,1, 15,2,16 

and 15.2.17) 

2. 'Vherever feasible surplus waters in a river, such as 
In the Irahiiaputra, the Ganga and the west-flowing rivers south 
of the Tapli, should be utilised In other basins where there 

Is paucity of water. All such possibilities should be 
examined and considered. 

(Paragraph 15,2.13) 

3. viftiile planning fcr a storage schema a study should be 
made to find out the effect of constructing the dam on the 
existing wells downstream. The study should bo repeated on the 
basis of actual observations a few years after the construction 
to cheek on the assumption made, 

(Paragraph 15,5,4) 

4.. In the \ct that the state Governments may enact for 
the developnont of groxmdwator, there should be a provision 
that the drilling agency which drills to depths of, more than 
30 metres mujt furnish a copy of the drilling log to the 
state ground water board for record and use In subsurface 
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geological mapping. Furthet, the state Kromd water boards 
should make a systematic attempt to secure copies of logs of 
Gxlstihg private deep tubewolls for the samo purpose. 

(Paragraph 16.5.5) 

5. The deep tubewells, because of the high cost Involve^ 
In their construction and the skill and equipment required for 
them, are bast undertaken by public sector; all other 
groundwater developments should preferably l3e in private sector. 
Jointly owned private tubewells would run for more hours 

than Individually owned ones malclng them more econoimlcal and 
should, therefore, '3e encouraged. 

(Paragraph 15.5.12) 

6. Electric put^js are much more economical to run than 
diesel pumps. To encourage the former, the power requirements 
for irrigation pumps should be met on a priority basis and 

an mfluctuating and uninterrupted supply ensured. 

(Paragraph 15.5,14) 

7. In areas where groundwater is getting over- 
exploited, the State must intervene and rationalise the 
extraction sind distribution of water. The legislation for 
regulating and controlling the use of groundwater is urgent 
specially in States where over-exploitation is already in 
evidence. 

(Paragraphs 15.5.16 & 15.5.17) 

8. If a farmer constructs a private tubewell which 
yields more water'than what the size of his holding justifies, 
then it should be permissible for the farmers having 
contiguous holdings to avail of their share of tubewell 
water on payment of share cost. 


(Paragraph 15.6.18) 
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9« Comprehensive river basin plans should be drawn up 
giving an outline of the development possibilities of the land 
and water resources of the basin, establishing priorities In 
respect of water use for various purposes, earmarking water for 
a specific purpose where necessary and Indicating Inter ^ 
priority of projects, 

(Paragraph 15,6.1) 

10, Irrigation policies should envisage - 

1) maximum production par unit of area through 
multlcropplng In areas with ample water 
resources; 

11) maximum production per unit of water in regions of 
medium and low rainfall In which a largo part of 
the country lies; 

111) provision of maximum protection in flrought areas; 

Iv) Irrigation of maximum area during the rainy season 
by st^. pi amen ting rain; 

v) maximum utilisation of Irrigation supplies from 
storage during eight months of the year excluding 
summer when evaporation losses are highest; and 

vi) conjunctive use of surface water and groundwater. 

(Paragraphs 15.6.2 to 15.6.10) 

11, River diversion schemes should be Investigated even 
on nonperennial streams for kharlf Irrigation, 

(Paragraph 15.6.10) 

12, In formulating new Irrigation projects, particularly 
In low rainfall areas, an attempt should be made to create 
Irrigated plantations In comi'act blocks to provide fuelwood, 
small timber and tree fodder In the area, 

(Paragraph 15.6,14) 

13, Investigations of irrigation jrejects take a fairly 
long time. It is important that a number of fully investigated 
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projects should be kept ready to choose from to suit the 
availability of resources and fulfilaent of other considerations. 


(Paragraph 15.6,15) 

14. An irrigation project report should be formiiated 
in three parts as under 

Part I - all engineering works from source of 
supply to outlets and drains. 

Part II - all engineering works in the coiaand 
area comprising Icind levelling and 
shaping, construction of water¬ 
courses, lined or unlined, field 
channels, field drains and farm roads. 

Part III - all other items pertaining to agriculture, 
animal husbandry, forestry, fisheries 
and cooperation. 


Investigations of all the above items should be done 


simultaneously, and the report considered for sanction in its 


entirety. 


(Paragraphs 15.6.16 & 15.6.17) 


15, The priority with regard to the lining of channels 
is recoTLiended as below: 


1) On new projects and projects being remodelled, 
channels which are designed to run constantly 
or most of the tiae, should be preferred 
because of the difficulty and in some cases 
unfeasibility of lining them later once they 
are opened for irrigation. 


li) On existing projects the smaller channels 
including watercourses should be preferred 
because lining these would bestow greater 
benefit and is easier to carry out. 


(Paragraph 15,6,25) 

16. Research on evaporation recarders with newer materials 


and techniques should be intensified. 


(Paragraph 15.6.28) 

17, The circle system of inspection and repairs of 
tanks, as in vogue in erstTrfhlle liadras State should be 
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introduced in all States which have fairly large tank irrigation. 

(Paragraph 15.6.31) 

18. Where panchayats are responsible for ioaintenance of 
tanksj they should raise sufficient financial resources through 
water charges for satisfactorily maintaining the tanks and should 
employ sufficient staff for the purpose. 

(Paragraph 15.6,32) 

19. There should be a suitable legislation for recovering 
water charges from beneficiaries of tank irrigation, at present 
exempt under ’Fard-abpashi' or ’Wajib-ul-arz', in order to 
cover maintenance cost of the tanks, 

(Paragraph 15,6.33) 

20. State Governments should assume necessary powers to 
enforce S'jd.table cropping patterns* 

(Paragraph 15.6,37) 

21. The irrigation requirement in an area depends upon 
the type of soil, climate, contribution from effective rainfall, 
crop types and their duration, etc. As these vary from project 
to project, channels should tt^e designed individually taking 
these varying factors into consideratica instead of applying 

a uniform yardstick to them, 

(Paragraph 15.6,39) 

22. The schedule of channel operation should be made 
known to irrigators as much in advance of each cropping 
season as practicable to enable them to plan their cropping 
suitably. 

(Paragraph 15,6.44) 

23. Rice should be preferably grown where there is a good 
s\: 5 )port from rainfall and where the soil has low permeability. 



say, 5 mm par day or less 
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(Paragraph 15,8.8) 

24, In preparing schemes for draining Chaurs for 
reclaiming land for crops, the alternative use of Chaurs 
for pisciculture should be considered, 

(Paragraph 15.9.6) 

25, A comprehensive review of pre-plan and earlier 
plan projects should be undertaken by the States to formulate 
a programme for their improvement. It would be desirable 

to complete these reviews within the next five years, so 
that these Improvements taken Into account In the 
preparation of river basin plans. 

(Paragraph 15.10.8) 

26, In evaluating Irrigation projects, the use of 
internal rate of return criterion is recommended. In making 
the economic appraisal, the cbst of works and that of land 
shading and construction of field channels and field drains 
should all be tal^en Into consideration. The cost of soil 
conservation measures in the catchment, however, need not 

be taken Into account from practical considerations. 

(Paragraphs 15.11.7, 15.11.9 

& 15.11.10) 

27, Irrigation works, remunerative before Independence, 
started sho’^lng a Idss soon thereafter. The annual loss 

had risen to about Rs.l4l crores in 1971-72. The water rates 
should be revised upwards to meet the loss. In fixing these 
rat^s, the overall consideration should be that, taken as a 

whole, the Irrlgatloi works in a State should not impose 

^ . ' 

any burden on the general revenues. 

(Paragraphs 15.11.11, 15.11.12 

& 15.11.15) 
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28, On canal systems where farmers are prone to speculate 
on rainfall to avoid paying irrigation charges, a two part 
tariff should be adopted. 

(Paragraph 15.11.16) 

29, In order to carry out construction of large projects 
at the optimum pace, Centre should provide additional outlays for 
them after ascertaining the outlay which can be reasonably mat 
Trota the State plan. 

(Paragraph 15.11.19) 

30, Instead of setting up a separate Directorate of 
Hydrology under a Director General, the Central i^ater Commission 
should be allowed to continue to perform its laopurtant finctlon 
of collecting, collating and publishing hydrological data. 

Its Hydrology Directorate should be adequately staffed and 
equipped with necessary aids. Also the Government of India 
should take steps to make it obligatory on the part of the 
States to furnish to the Central organisations the hydrological 
data which they observe, 

(Paragraph 15,12.13) 

31, The preparation of river basin plans is of great 
importance in the proper utilisation of the limited water 
resources of the country.' We, therefore, si^jport the 
recommendation uf the Irrigation Commission to set vqj the 
river basin commissions, 

(Paragraph 15.12,16) 

32, There should be in every State an organisation for 
water budgeting. This is best located in the Irrigation 
Department, that being the major user of water. There should 
bo adequate arrangement for flr^w of information to this 
organisation from other water using departments, 

(Paragraph 15.12.20) 
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33. A national water resources council should be set 
to lay down broad technical, economic and financial policies 
In Irrigation for the country as a whole, keep a watch on the 
problems of Interstate rivers and ensure that Irrigation 
projects are formulated to conform to the highest national 
Interest. 

(Paragraph 15.12.18) 

34. There should be a legal provision for the Interbasln 
transfer of water by making the necessary constitutional 
amendment. 

(Paragraph 15.12.19) 

35. As purveyors of Irrlgaticn supplies ,the Irrigation 
Department should be responsible for the efficient conveyance 
of water from Its soiu-ce to the field and for Its fair 
distribution. 

(Paragraphs 16,12.21 & 15.12.22) 
More attention should be paid to the following Items 


36. 


of research than hitherto; 

1) snow gauging and contribution from glaclors; 

11) effect of soil conservation measures and 

change In landuse on runoff and Infiltration; 

111) hydrogeological in\3stlgatlons and assessment 
techniques of groundwater in hardrock areas; 

Iv) reduction In evaporation from reservoirs; 

v) lining materials ard techniques; and 

vl) optlm;ira size and spacing of field drains; 

vll) reduction In yield due to root submerge for 
different length of time during different 
periods of growth for varlo'.is crops; 

vlll) effect Dn yield of the number and timing of 

Irrigation for other crops besides wheat^ and 
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ix) water pollution due to the usg of fertilizers and 
pesticides and discharge of industrial affluents 
into streams. 


(Paragraphs 15,13.3 to 
15.13.12) 

37. Essential elements of agriculture should be Included 
in the syllabus for engineers. On joining service, irrigation 
engineers should be given training in agriculture for some time 
at an agricultural university as also in revenue matters in 
Revenue Department. Also In-sarvice training courses should be 
held at suitable intervals. 

(Paragraph 15.13.13) 



APPENDIX 15.1 


(paragraph 15,2.7) 

Extract from the paper "Water Resources of India" 

by shri Balwant Singh Nag, Member and 

Shri G.N. Kathpalia/ Specialist(water Utilisation) 

National Oommission on Agriculture contributed 

to the Second World Cbngress on Water Resources ~ 1975 

ASSESSMENT OF WATER RESOURCES 
1 water of the Earth 

1.1 The water resources of the country constitute only 

a tiny fraction of the total water resources of the earth and 
it would be of interest to have a look at the latter. The 
total amount of water in the hydrosphere has been estimated 
at about 1500 million km , About 95 per cent of it is 
contained in the oceans and seas. The remaining five per cent 
is fresh water, of which four-fifths is stored in the form of 
snow and ice or permafrost. About half of this frozen water 
is contained in the polar ice caps. Thus the fresh and 
unfrozen water of the eairth constitutes only one per cent of 
that in the hydrosphere. Bulk of it, estimated at 99 per cent, 
is groundwater and only one per cent is in lakes, rivers, soil 
and atmosphere. About half of the groundwater is more than 
lOOO metres below the surface and a good amount between 500 
to 1000 metres, water at these depths is very eaQjensive to 
draw. some fresh water can be obtained from the abundant 
sea-water by desalination, but here again the process is 
expensive and, therefore, use of such water can be contemplated 
only in comparatively small cjuantities, mainly for domestic 
and industrial purposes, with the present stage of 
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develapment of technology^ it would be too expensive for 
Irrigation. Thus, altogether, it is only a tiny fraction of 
the water on the earth which man can put to use as fresh 
water for his purposes. 

2 Precipitation in India 

2.1 The soimier monsoon starting from the equatorial belt 
comes over the Indian subcontinent in two distinct currents 
known as the Day of Bengal branch and the Arabian sea branch. 

:t has been estimated that during the four rainy months of June 
;o septentoer, the Arabian sea branch of the monsoon carries 
X3isture amounting to about 770 M^iam and the Bay of Bengal 
branch about 340 Mham of v.»ater. Of the monsoon moisture 
ibo^t 25 to 30 per rent precipitates in the form of rainfall. 
During the remaining eight months of the year also, there 
Is a substantial amount of moisture over the country. This, 
Ixjwever, lias not as yet beer scientifically assessed. It 
::ontrlbutcs a precipitation of the order of 100 Mham, a small 
part of it being in the form of snowfall. 

2.2 Rainfall in the country varies from place to place 
and from year to year. It is recorded by about 3000 rain 
gauges set up by the Indian Meteorological Department and 
the State C3ovemments. The country's average annual rainfall 
is about 119.4 cm and the average annual precipitation 

392 (ham. This may be rounded off to 400 Mham including 
snowfall which is not yet fully recorded. 

2.3 When rain falls, a portion of it soon evaporates 
from the ground or the vegetation that may intercept it, a 
portion soaks into the ground and the rest flows away over 
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land as runoff. when a shower Is very light, say of the 
order of 2.5 rmi or less, it only moistens a few millimetres 
of top soil and then evaporates rapidly. It neither contributes 
to surface water nor to groundwater. There are on an average 
130 rainy days in a year in the country and on 75 days the 
rainfall is of the above magnitude. Also, on the remaining 
55 days of rainfall, there is similar evaporation at the 
coniDencement of rainfall. Taking these factors into 
consideration, it is estimated that out of the average annual 
precipitation of 400 Mham, about 70 Mham is lost to atmosphere. 
Of the remaining 330 Mham, about 115 Mham flows as surface 
runoff and the rest, 215 Mham, soaks into the groxond, 

3 Surface flows 

3.1 The surface water flows consist of direct runoff fn)m 
rainfall, snowmelt and flows in streams regenerated from 
groundwater. The irrigation Oommission of India has placed 
the total annual surface water flows in the country at 180 
Mham. This figure was based largely on statistical 
analysis of the flow data wherever available and on suitable 
rainfall-runoff relationship where observed data were meagre. 

It includes about 20 Mham brought in by streams and rivers 
from catchments lying outside the country. About 45 Mham 
pertain to regenerated flow from groundwater as assessed 
from river flows during non—rainy months. The remaining 

115 Mham constitute direct contribution by precipitation 
of which about 10 Mham is received as snowfall. 

3.2 The surface water is disposed of in three ways. 

Part of it is stored in reservoirs or is utilised directly 
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by diversion or pumping, part disappears as percolation from 
streams where groundwater table is below the stream surface 
and the rest finds its way to the sea, a small portion 
evaporating in the process. X portion of the water stored in 
reservoirs is lost through evaporation and a small amount 
through seepage; the rest is utilised for various purposes, 
mainly irrigation, with the construction of more projects, 
there would be a change in the cpiantlties Involved in the 
various processes through which surface water passes. Itore 
of it would be utilised and there would be less flowing 
down to the sea. 

3.3 Of the total surface water of IBO Mham available 

in the country in an average year, about 15 Mham is stored in 
various reservoirs and tanks. There is evaptoratlon loss 
of the order if 20 per cent from major and medium reservoirs 
and 40 per cent fmm tanks. The percentage loss is greater 
in tanks because they are relatively shallow. This 
evaporation loss is about 5 Mham per annum at present. But 
with future construction of projects, the storage water would 
ultimately be about 35 Mham and the loss about 10 Mham. 

3.4 Of the 165 Mham of water that flows in the rivers 

annually at present, the utilisation through diversion works 
and direct pumping aggregates to 15 Mham, which Is more than 
that from storage works. The remaining river flow of 150 Mham 
goes to the sea and some adjoining countries, full 

development, the use of water through diversion works or 
direct pumping is expected to increase to 45 Mham. The 
balance 105 Mham would continue, to flow to the sea and outside 
the country. 



4 Infiltration 

4,1 When it rains, the first claim on rainwater is 

that of soil to bring the soil moisture to field capacity. 

Of course when the Intensity of rainfall la higher than 
the rate of infiltration into the soil, there is surface 
flow even before the soil is saturated. But it la 
only after the soil has absorbed water to field capacity that 
wa^sr starts percolating down to watertable and adds to 
groundwater reservoir. The contribution of rainfall to 
groundwater in any area depends upon the Intensity of 
rainfall, the depth and permeability of the soil and the 
nature of vegetal cover, on the basis of permeability of 
soils in different regions and the rainfall there, it has been 
estimated that for the country as a whole about 12,5 per cent 
of the total precipitation Infiltrates to the groundwater 
table. Thus, out of 215 Mham that soaks into ground in 
an average year, only about 50 Mham percolates to watertable 
and the rest is retained by the soil as soil moisture, m 
future, various soil conservation and water harvesting measures 
should Increase the groundwater recharge but that is likely 
to be offset by reduced percolation due to expansion of urban 
areas, roads and other non-absorbtant surfaces. Therefore, 
no significant change is to be expected in the contribution 
to groundwater from rainfall. 

4^2 m an irrigation system there are seepage losses 

both from channels and the Irrigated fields and only a 
portion of irrigation supplies are actually utilised by crops. 
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A portion of the water that seeps Is retained in the soil 
as soil inoisture and the rest percolates to the watertable. 
in the alluvial plains of north India/ about 45 per cent of 
the water that is let in at the head of an unlined canal 
system is lost from channels through seepage* Of the remaining 
55 per cent which reaches the field/ another 17 per cent is 
lost from the field Itself. Thus only about two-fifths of 
the water let into a canal is actually utilised. in heavier 
soilS/ or where the channels are lined/ the loss is less. It 
is estimated that at present about 5 Mham is retained in the 
soil as soil-moisture and about 12 Mham is added to groundwater 
in this manner. On full development of irrigation in the 
country/ the contribution to soil moisture and groundwater 
is expected ^o be about 15 Mham and 25 Mham respectively. 

4.3 During the rainy season when a river is in a high 

stage of flow/ its water surface along most of its course is 
higher than the adjoining groundwater table. Some river water/ 
therefore, infiltrates and adds to groundwater, such additions, 
in an average year, have been estimated to be of the order of 
5 Mham- Por inducing greater groundwater recharge, the 
watertable along the streams should be depressed through 
greater exploitation of groundwater before the rainy season so 
that a larger quantity of water may infiltrate during their 
high flows. m course of time when this gets done, the 
contribution to groundwater from rivers and streams may be 
of the order of 10 Mham, 

5 Groundwater 

5,1 with the addition of 5 Mham from flood flows and 

12 Mham from Irrigation systems to the 50 Mham from precipitation 
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the total groundwater/ excluding soil moisture/ comes to 
67 Mham, ThiS/ on development of water resources/ is 
likely to increase to 05 Mham. A portion of the groundwater 
evaporates through capillary action or is drawn by plants 
for transpiration in areas where the watertable is high, 
a portion is extracted througli wellS/ tubewells/ etc. for 
irrigation and other purposes and a large portion is 
returned to the surface as regenerated flow in rivers. Any 
portion that is not disposed of in the above manner makes 
an addition to the groundwater reservoir and raises the 
.watertable. It is estimated that at present/ of the total 
groundwater amounting tn 67 Mham replenished on an average 
annually/ 13 Mham is extracted for various useS/ about 
: 45 Mham regenerates into rivers and the rest is accounted 
for by evapotransplration and raising of groundwater table/ 
etc. on near full development of water resources/ the 
extraction is expected to rise to 35 Mham/ evapotransplration 
reduced to 5 Mham because of lowering of watertable and the 
remaining 45 Mham returned to surface on regeneration. It 
may not be desirable to reduce the regeneration in the 
strea^is by excessive extraction of groundwater/ as the low 
stream flows in the non-ralny season consist mostly of 
regenerated water. These low flows in most of the streams 
are utilised for various purposes along their course and 
any reduction in them would affect these uses and also 
aggravate the problem of river water pollution. 

6 Transpiration 

6,1 Transpiration takes place from irrigated crops/ 

unirrigated crops/ and forests and other vegetation, on 
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the basis of the prevailing temperatures and humidity and 
consequently the rate of transpiration/ in different regions 
for each crop period/ the amount of transpiration froa 
Irrigated crops has been estimated to be 13 Mham. Likewise/ 
that from unlrrlgated crops amounts to 42 Mham and from forest 
and other vegetation 55 Mham. The present total transpiration 
thus amounts to 110 Mham. With development of Irrigation# 
the Irrigated area will Increase and there will be a 
QOrresponding reduction in unlrrlgated cropped area although 
there will be an overall Increase In the gross area so%/n. No 
significant change Is expected In the forest area in future, 
on full development of irrigation# the transpiration from 
these categories of vegetation is expected to be 35 Mham 
from Irrigated crops# 35 Mham from unlrrlgated crops and 55 Ml 
from forests and other vegetation, a total of 125 Mham. 

7 Evaporation 

7.1 m the hydrological cycle# evaporation Is a major 

Item. It has earlier been stated that as rain falls# about 
70 f^iam evaporates out of the total precipitation of 400 Mham. 
At present# about 5 Mham evaporates from reservoirs# tanks 

» r 

etc. and a similar amount from high groundwater areas. Of 
the total soil moisture of 170 Mham# which on an average Is 
replenished annually# 110 Mham Is utilised by crops# trees 
and other vegetation and the remaining 60 Mham evaporates. 
Assuming that there would be no significant change in 
precipitation In the near future, the evaporation from it 
would remain more or less the same. That from storage 
reservoirs# tanks# etc.# would increase to about 10 Mham on 
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development of water resources, on the other hand/ 
with exploitation of groundwater, the area having high 
groundwater table and consequently evaporation from it 
would decrease. With an increase in the gross cropped 
area, more soil moisture would be utilised for transpiration 
and less would be left for evaporation. These reductions, 
however, would be relatively small. 
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APPENDIX 15.5 


(paragraph 15,10.7) 

Guidelines for Review of Irrigation Projects 
(To be Modified to suit an individual project) 


1, Name of the Project and its location 

2, Cost of the Project 

3, Year of completion 

4, Gross command area 

5, Culturable command area 

6, Irrigation policy in respect of the project, 
i.e. whether 

(i) Maximum production per unit of area; 

(ii) ; Maximi^m production per unit of water; 

(iii) Maximum area served 

(If not already defined, it should be laid down 
by Government) 

7, Annual irrigation, seasonwise, 

(i) As per project report; 

(ii) Actual (average of five years) 

8, Intensity of irrigation 

(i) As per project report; 

(ii) Actual (average of five years) 

9, Supply available at the head of the main canal 
(Average of five years) during: 

Kharif June - October 

Rabi November-March 

Hot weather April - May 
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10. Evaporation loss frofn the reservoir (in millimetres), 
by fortnights. 

11. Average rainfall in the area by fortnights (in millimetres). 
How much of it is effective* rainfall (in millimetres). 

12. Percolation and seepage loss in the canal system both 
quantitatively and as percentage of the supply let in 
at the canal head: 

(i) rrain canal and branches alone; 

(ii) distributaries and minors alone; 

(iii) total loss up to outlets. 

13. Is lining feasible of 

(i) main canal and branches; 

(ii) distributaries and»minors. 

14. Cost of lining 

(i) Main canal and branches; 

(ii) distributaries and minors; 

(iii) entire system up to outlets - (i)prus (il) 

15. Quantity of Water available at outlets (average assumed) 

(1) Without lining 

(2) with lining 

(i) main canal and branches only; 

(ii) distributaries and minors only; 

(iii) both (i) and (ii) 

16. Is there waterlogging in the project area and, if so, 
to what extent? 

♦Effective rainfall is that portion of the rainfall during 
the crop season which is available to meet evapotranspiration 
requirement of crops. It does not include the part of the 
rainfall which is lost as run-off or deep percolation below 
root zone.- 
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17, Is the drainage system adequate? If not, what would 
be the cost to make it so? Would lining seriously 
affect the spring level of the wells in’the area, 

IB, Has consolidation of holdings been done in the command 
area? 

19, Are fields properly laid out and land properly prepared, 
including land levelling and shaping, where necessary, 
for irrigated agriculture? What would be the cost 

per hectare and the total cost for the project for 
achieving this if not satisfactory at present? 

20, Are water courses** and field channels® properly laid 
out or would they require realignment? If so, to 
what extent and the cost there of? 

21, Are water courses lined upto 40 hectare blocks? If not 
what is the percentage loss in these, of the water 
delivered at outlet? 

22, What would be the cost of lining these water courses? 
Also what would be the benefit cost ratio? Consider 
the use of underground pipelines as an alternative 

to lined water courses, 

23, Are there field drains in the irrigated area? Are 
they adequate? 

24, Do cultivators follow the most suitable method of 
irrigation- in the field or do they require guidance 
from extension service? 


** A water course is a channel built at government expense 
to convey water from an outlet to a forty hectare block 
or as may be prescribed, 

® A field channel is a channel built by cultivators beyond 
a water course to serve the various fields within the block. 
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25, Has a proper soil survey been done in the commanded 

area to determine soil suitability for the various crops? 

26. State the irrigated areas under the various crops. Is the 
present cropping: pattern suitable from consideration of 
soil, availability of water, and climatic conditions or 
can there be a better pattern? State the cropping 
pattern in the adjoining dry areas. 

27. on the basis of adaptive research, what is the optimum 
reguirement of irrigation water (making allowance for 
effective rainfall,' if any) in the field, for major crops 
in the ayacut. 

28, For the cropping pattern in vogue, as alsu for any 
proposed alternative pattern, calculate the water 
requirements on the project; 

■"(i) at outlet; 

(ii) at distributary and minor head(i,e, adding 
losses in th^se channels; 

(iii) at main canal head ; 

for various alternatives in respect of 
lining main canal and branches only; 
lining upto outlets; 

lining entire system including water courses. 

29. With the storage water available in a year at the canal 
head, how much area can be adequately irrigated on the 
basis of the most suitable’ cropping pattern and on lining 
the system to the extent it is economically justified? 

30, Work out the irrigation requirement for the best cropping 
pattern, by fortnights. 
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31, Examine each channel for its adequacy to meet the 
peak requirement, allowing for any increase of the* 
capacity due to lining. If the channel required 
remodelling, please work out the cost. 

32, Is ground water available in the area for supplementing 
canal irrigation or for extending irrigation? What 

is the scope for such extension? If any such 
conjective use is already being made, what is its 
extent? 

33, Are regulatory structures sufficient and adequate? 

In the existing regulation practice on the project, 
what is the pattern of closing and running of various 
channels in different crop seasons? Does it conform 
with the actual requirements of crops ? Is any 

change necessary in regulation to meet the requirements 
of any better cropping pattern or improved crop 
varieties? If so, this should be worked out. 

34 , ( 1 ) Which department is responsible for: 

i) maintenance of' the canal system; 

ii) regulating supplies in the canals; 

iii) distribution of water beyond the outlets; 

iv) proper maintenance of water courses and 
field channels; 

v) making assessment of irrigation charges; 

vi) collection of irrigation charges. 
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( 2 ) 

(3) 

(4) 


Does this pattern of responsibility obtain 
in all irrigation projects in the States? 

What are the organisational arrangements for 
ensuring proper coordination between the 
departments concerned at ttie time of (i)ayacut 
development and (ii) operation of the project7 
Are the existing organisational-arrangements 
considered satisfactory? ‘ 



APPENDIX 15.6 


(paragraph 15,11.11) 

* 

Net Contribution of Multipurpose and 
Commercial Irrigation Schemes during 
1971-72. 

(Rs crores) 


Multipurpose Commercial 
irrigation irrigation 
schemes schemes 


Andhra Pradesh -10.91 -12,02 

Assam 

Bihar -10.89 “ 3.63 

Gujarat - 5.35 - 5.01 

Haryana - 0.98 - 3,l5 

Jammu 8. Kashmir - “ 0,49 

Kerala - - 1.63 

Madhya Pradesh - ® 

Maharashtra - -12.82 

Mysore - -14,95 

Nagaland 

Orissa - 5,78 - 4,25 

Punjab - 3,63 - 3,33 

Rajasthan - 3,29 - 5,28 

Tamil Nadu - - 6,66 

Uttar Pradesh - 4,84 -17.03 

West Bengal - 4.02 - 1.09 

Total -49.69 -91.34 


___ 141.03 _ 

* Net contribution does' not constitute a commercial 

surplus/loss but.represents excess/shortfall of revenue 
over non-Plan working expenses and interest charges on 


capital outlay, 

@ No commercial accounts are kept. 

Source: 1. Fifth Finance Commission Report 

2. Reserve Bank of India Bulletin,June 1973. 
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Rajasthan 

flow canal 34.60 29.65 to 17.30 7 4.13 to 49.42 to 84.02 tot.> 23.11.1974 

61.78 37.07 .to 86.49 61.78 123.56 

.29.65 

lift canal te 19.76 per watering per hectare subject to a minimum of Rs 24.71 



APPENDIX 15.7 cor.td 


CD 


i 

i.i 


vO 


lD 


! 


; CO 


CM! 


O' 

vO 

On 


O 

"H 

• 

CD 

CM 


O 

CM CD CM 
'J- 

■ • • 

(JN -H CJN 
vD ^ 


O 

CM CO CM 


as -Has 

sO rf 


CM 

■ 

as 


o 

+j 

CD HCO 

lO r» lO 

• • • 

CO ^00 
H CM 


o 

-p 

S! t: 
0^0 

• • « 

r- Q'r- 

CD CD 


CM 

Os 

H 

• 

o 


O 

VO vD VO 
CD O O 

• • • 

CM 

■H in in 


o 

-fj 



vo 


o 

-p 

in r~ 

vO CM CM 

‘a « • 

ov GO on 
CM ^ 
—H —H 


O 

4-> 

vo CD CD 
CD O O 


cMr-r^ 

'H CM CM 


O 

-P 

CM CD CD 
vO CD CD 

• « • 

00 vO vO 
CD -vl- 


O 

-P 


vO O CJv 
CD 00 00 



^in in 


00 

m 

ov 




< 

2 


< 

2 


< 


< 

Z 


o 

+J 

o q 

CM "H 


VO 


?D 


< 

z 


o 

-p 

O O 

as as 


as 


8 


C 

z 


u> 

5 o. 
o o 

Ml O 

H-H 
O jQ . 
M-4 ro 
DC 
a 

o P 

P QJ 
o jC 
-p 
P o 
(U 

0,13 
C 
O) rn 
P 


o 

■p 

TS 

(U 

U) 

to 

( 1 ) 

p 

o 

. 5 * 


p 

o 

U-( 

0} 
in JO 
cu -P 
■p 

to M-I 

P O 


(u in 
JO (U 

■p e 

•rH 

"O 4-> 
C 

ro M-i 


C • 

(U (1) 

0) -P 

JO 03 

w -P 

! C 03 LO 

■ fl) (TI > "^2 

ro (1) O-C- 

03 p T} JD x: rH 

P 03 03 P JO 03 

O 03 P C • O 
a3X00PT3 0'D 
X 5 a-H (n 0 13 c 

OP c: 03 03 

P P P 03 "H P C 
03 O Q. cn 03 03 03 

Q.P CJvP 03 C 

O P 03 O JO o 

.00 in P 

r^lrs~ p P TJ 03 03 O 
03 ' 03 CX > p 

, 5 ^ 2 

|vO 03 O 03 

P P o 

03 


2^ 




03 

I -H JO >> 1/3 
T5 P T3 03 
PQ3CPCPT303 
O P ^ 


p 

X 


p 

C P 


p 

•H 

► p 


c 

POP 


o 

C P TJ 


•H 

P p c 


p 

E p :3 


p 

p P 


CO 

POP 


p 

p C P 


p 

Q.t-1 u 


p 

p p 


M 

Q rH -r^ 

P o 


P 

P •!-* P 


(4-< 

>'p a 


■H 

p c 


X 

5 p E 

• 


P p o 

P 

P 

p p p 

P 

X 

P X P . 

•iH 

P 

p c 

5 


^ p p 

1 

O 

p 

a 

P 

"O X P 

o 


cop 

P 

P 

P -H 5 

o 

P 

JO 


P 

c 5 P 

P 

P 

o o 

o 

1—! 

•H C 

c 

P 

p p >. 


P 

P rH 

T3 


C0T3 Q, 

c 

t-i 

iP 03 CL 

. • p 

P 

P P C 

p 

C 

P p P 

o C 

3 

M CL 

P o 


O O O 

P.PP 
in 


in 


03 P 
.^0,0 
c 

P pp 


03 ’ to 03 . 

o P cn 03 P 03 p 
OOPP03>PC 
P P (0 P ■ P 


P P 

e p o 

O CXP 
p 

P c T3 

03 P 
P 


O to 
P 03 
P 


c 


to 


„ _ p O p o 

O X! O > P 

p aQ >' p 


p 

p p 

P P P 

p p 

o 

•H 

■ O CD 

■H p 

p P X 

p p 

P C P P 


03 X 

C P 

O X 

a p 

O P 

! p • 

P X P 

P P P 

p 

JO 

CX 

, C 'O’ 

tM P 

o p > 

C 1—1 

p p 


1 p t"- 

■H in 

p 

O P 

• H 

p p 

p 

p ''t p 

5 px 

. e -H 

P 

PX 

c ^ 

. E 

O X 

P E X 

in p 

p p 

i _J 

P ov P p P p 

P o 

P X 

. .V 


p e c p •« ^ 

rH ^ p 4^ 4 h 

J 3 C p P P o - 
p O C P P P • 
rH p o p cn-^, p > 
P p P p ^3X1 P O 


ox: .. p o po 

p o - P P 
u c p p •> P c 
p p t: p P p 
P > cr CO o c ;> 
(UP C CP PT3 P 


p 


.Q 


O "O 


P 


P 


pp 
p p 

P o 
p o 
p 

p 
P c 

03 03 

p e 


pPP UCTJPi.C C33P P P E P CO 
>T3pP CP P "OCQPPP 
p TD COX CUPPPOPP COPOP 
fO-rl U U POP'HPCXP 

+J PPCPPCPPOPPCXOP 
OC ppp CXPXpO P pppp 
ZtH-H CLCD OHCOP P^^P QCXDC 


U 
P 
P 
P > 
JO o 
t- CD 


P 

■n 

o 

z 


(p 3|e 


1—1 

p 

X P 

p 

o> * 

—1 

t 

p 

p 

p p 

p 

p 

4 

c 

c 

p c 

c 

P c 


3 P 

p 

X P 

p 

p p 

p i 

X O 

o 

p o 

o 

CO o 

p 

P 

Z 5 

p 

p 

CL 5 

p 

c 

P 5 

s : 

o 

P 

o 

p 

CD o 

o 

P P 

•H 

p «—1 

•r-l 

1—1 


•H P 

iH 

p p 

fH 

+J p 

‘ 

E 


p 


p 

p i 

p 


p 


p 

P ! 

P 


D 





16 

COnriftND AREft DE^ELOPl^ENT 






16 

COMMAND AREA DEVELOPMENT 
1 INTRODUCTION 

16.1.1 In the preceding Chapter on Irrigation, we have dealt 
with policies and measures for harnessing water resources for 
irrigation and managing irrigation works. Governmental 
agencies are responsible for constructing and managing all 
irrigation works that are taken up In the public sector. These 
works comprise aujor and medium irrigation schemes, most 
surface minor schemes, and the State tubewells. Watercourses 
and in some cases field channels are constructed by project 
authorities but are required to be maintained by the irrigators. 
We have, however , recormanded in the preceding chapter that 
watercourses and field channels where lined should be maintained 
by the Government agencyc The management and the actual use of 
irrigation supplies beyond the outlet of an irrigation channel 
rests with the irrigators. Government, however, has a. 
responsibility to ensure that water is not wasted and is 
distributed equitably. Government also has to see that water 

is utilised in a most productive manner and has, therefore, 
to provide the irrigators with the necessary guidance and 
assist them with the necessary inputs, 

16.1.2 An irrigation project should not be looked upon 
merely as a means of providing water for irri^ting crops. It in 
fact offers a:: opportunity to change over from the uncertain 
and often precarious ralnfed cropping with low yields to 
Scientific irrigated cropping making f ul.1 use of the 
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technological developments in irrigated farming. It provides an 
occasion for reorganising the entire farming structure in the area 
for the mx^anum facility and benefit to the farmers. The steps 
to bring this about are many and have to be taken in a S3rstematic 
and well organised manner. Irrigation water can be put to a 
satisfactory productive use orily if the command area is fully 
ready to receive the supplies. For this, the land has to be 
properly formed, fj.clds preferably laid out in proper sizes, 
watercourses and fie.ld channels constructed to carry water to 
individual, fields, field drains provided to remove unwanted water 
which may affect the crops, farm roads provided for easy access 
to fields for tion^porting Inputs and produce, and dispersed 
fields of indiv.dua' fa^meis consolidated Into one or tvo 
operational holdang . ’•cope and extent of these measures are 

Influenced by topograpey, niture of soil., pattern of cropping and 
the mode of irrigv^ticn^ Eesldes the above measures, adequate and 
timely supply of i puts has to be ensured and marketing and other 
Infrastructure facilities provided, so that the farmer is able to 
derive the maximum benefit from raising irrigated crops. 

16.1.3 Mosu of the large pre-Independence projects served flat 
areas with ai.:.uvial soils. The Upper Bari Doab Qanal . the Western 
and Eastern '^rriura Canals, the Upper and Lower Ganga Clinals, the 
Agra C^nal and the S.irda Canal irrigated areas in the Indo- 
Gangetlc plain, Ihe Godavari, Krishna and Giuvery systems in the 
south served areas in the deltas of these rivers. AH these had 
level lands and required little by way of landshaping or terracing 
and not much cifort aad skill in argging watercourses and field 
rains. Under thece conditions, after the completion of an 
irrigation work the State's responsibility was limited to the 
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maintenance of headworks canals and distributaries, the 
supply and distribution of water at the outlet, and the 
assessment and collection of water charges. For all other 
requirements the farmer was left to his own device. The 
development of irrigation was thus naturally slow and often 
took a decade or more on a project. 

16.1.4- After Independence, recognising the crucial importan 
of developing irrigation to Increase crop production, a large 
number of irrigation projects were laKen In hand* Amongst thej 
were some giant projects like the Bhakra Nangal, Hirakud, 
Tungabhadra, Nagarjunasagar, Chambal etc. Altogether in the 
First ir^an there were 27 major and 24o medium projects under 
implementation. ffe.ny more were taken up In subsequent nlans. 
These projects' were considered and sanctioned In the manner of 
pre-Independence projects with no provision for command area 
development. The estimates, however. Included the cost of 
construction of watercourses in most cases. The Irrigation 
Department did not feel responsible for command area developme 
which was regarded as the concern of other departments, such a 
Agriculture Department and Revenue Department and above all of 
the farmers themselves. The utilisation of irri^tlon supplle 
was consequently tardy. The irri^tion projects were expected 
to take 10 years for full development. The urgency of 
Increasing agricultural production and the Income and 
employment opportunities in the rural are^s drew pointed 
attention to the importance of rapid command area development* 
In the Third Plan document certain measures necessary for 
securing speedy benefits from irrigation projects were set 
down. All the suggested steps were in the right direction 
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but more were required. In the Fourth and JFLfth Plans some 
special programmes of command area development were taken up. 
Projects, however, still continued to be prepared for engineering 
works alone 'and not in a comprehensive way as indicated in 
Chapter 15 on Irrigation. In this chapter we have dealt with the 
elements that should be planned for and incorporated in that 
portion of the comprehensive irrigation project report which 
' pertains to command area development. 



2 oOlL SOIL SJilVJiYS 


16.2.1 In foriaulating on irrigation project, oioongst other 
things, an examination has to be made of the suitability of the 
area for irrigated cropping, the long range behaviour of the 
soil under irrigation and the steps that would be necessary for 
continued fertility and good productivity of the soil, Besides 
clim_*,tic conditions, the texture and depth of the soil, its 
ingredients, salinity and alkalinity status, drainage condition, 
and the position of groiondwater table, all go to determine the 
crops which would be suitable for the area and the mode and 
extent of irrigation to be applied to them. The depth and 
frequency of irrigation are related to the nature of soil. The 
greater its waterholding capacity, the greater will be the 
irrigation depth and in consequence the lower the irrigation 
frequency. The nature of soil, thus, has a great significance 
both in formulating an irrigation project and in oper4tirig it. 

16.2.2 we enclosed a soil map- of India, drawn to a scale of 

1 “ 6 million, in our Interim iteport on £>oil Survey and Soil 

l-iap of India, The map gives a broad picture of the variety of 
soils which obtain in different parts of the country. In it, 

26 soil types were identified and depicted. But for irrigation 
planning, soils can be classified into four major soil groups, 
namely (.^ alluvial soils ( >>) black soils ( c .) red soils and 

( d) lateritic soils. Besides these, of less importance are 
forest soils, desert soils, saline and alkaline soils. Their 
compositionj properties and behaviour under irrigation differ. 
These weigh in crop planning for the area and in determining 
the mode of irrigation. 
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16.2.3 iilluvial soils cover by for the largest part of the 
country, predominantly in the Indo^Gangetic and the Brahmaputra 
valleys and the deltas of the major rivers, These soils, 
deposited by the rivers, vary In their consistency from drift sand 
to loams and from fine silts to cloys composed mainly of illite. 
Mostly they are suitable for irrigation and are easy to drain. 
Because of their good permeability, they take more water for 
growing water-intensive crops like rice than' the less permeable 
soils do. In certain areas, particularly Uttar Pradesh, Punjab, 
Haryana and JDLlhi, there are layers of hard pan at different 
depths in the soil profile. These obstruct percolation and at 
shallow depth harraer root growth. These areas are apt to get 
waterlogged when irrigated unless preventive measures are 
inco3?porated in the irrigation project., 

16.2.H The black soils, formed by weathering of basalt, 

gneisses and schists, predominate In liaharashtra, Haurashtra and 
'•r<'.+c.'-’r.part of Madliyj Pradesh- They are also found in parts of 
iiimataka, .^dhra Pradesh, Tamil Nadu and South Bihar. They are 
fine textured with clay content mostly ranging between Vo and 60 
per cent; the clay mineral is predominantly montmorillinite. 

They are plastic and sticky when wet but very hard when dry. 

They develop deep cracks on drying, which close up again with the 
swelling of the soil on getting wet. Because of the fineness of 
their texture, they have good water holding capacity and this 
permits irrigation of crops at longer intervals than in alluvial 
soils, Ihese soils, however, contain a fair amount of salts in 
their profile and unless irrigation is properly controlled, the 
area tends to become salt infested. Provision of adequate 
drainage in irrigated areas having such soils is essential not 



only to prevent salinity and alkalinity problems arising 
there but also to prevent sogging of crop root zone. Black 
soHs are fairly rich in plant nutrients and if properly managed 
can give good crop yields, Ihey, however, vary in depth a 
great deal from a few centimetres to several metres and this 
factor becomes an important consideration in laying down cropping 
pattern for various parts of the command area of a project. 

16 . 2.5 Red soils cover the largest area in the country next 
to alluvial and black soils. They are found extensively in 
Tamil Nadu, Karnataka, wndhra Pradesh and ><idhya Pradesh and 
also occur in parts of I-^aharashtra, Bihar, Orissa, West Bengal 
and the North Eastern States. These soils generally have a 
good permeability and in consequence low moisture retaining 
capacity. They.are friable and internally well drained. They 
are quite suitable for irrigation. In m.iny situations red .and 
black soils occur side by side, the former at higher levels and 
the latter at the foot of the slopes and in the valley. 

Growing water-intensive crops like rice in the higher red soils 
tend to Waterlog the black soils lower down, rendering them 
unfit for growing crops other than rice. In prescribing 
cropping pattern for such areas this aspect has to be borne 

in mind. 

16.2.6 Lateritic soils are essentially composed of a mixture 
of hydrated iron .and aluminium oxides and kaolinite. These 

a. 

soils occur basically on hill tops and may be carried to 
lower levels by streams to form detrital deposits. These 
soils have a relatively low content of organic matter and 
primary minerals, and having a high degree of porosity drain 
well. They are generally acidic with pH value ranging between 



^.0 and 6.0. The higher their level, the more acidic are these 
soils. She main plantations raised on these soils are tea, 
coffee, rubber and cincona at higher leyols and coconut, cashevmut 
mango etc, elsewhere. .In Tamil Nadu and Kerala paddy is also 
grown in low level areas which remain wet because of infiltration 
of water from higher levels, 

16 . 2.7 Desert soils cover an extensive area in -E^jasthan and 

the contiguous parts of Haryana and lujarat. These soils are 
generally po.r in organic matter and have a high percentage of 
soluble salts. However, given irrigation facilities, as in 
Rajasthan Comand, good crops can be raised on these soils. 

Forest soils and peaty and marshy soils are rare in canal 
command areas and these, therefore, do not have much significance 
concerning i.rrigation. Salt affected soils occuh in the Indo- 
Gangetic plaint, in the medixam and deep black soil regions of 
Madhya Pradesh, Maharashtra, Karnataka and -Andhra Pradesh, in the 
arid regions of Rajasthan and’Gujarat, and in the coastal areas. 

-As soil and climatic conditions differ in these areas, the 
methods of reclamation and of subsequent utilisation of recl.iimed 
lands also differ a great deal. But in all cases the reclamation 
is a protracted and expensive prv^cess. Heavy irrigation or 
continuous flooding over a period can reclaim these soils 
provided there is good natural drainage .ind the ground water 
table is low, 

16.2.8 Soil surveys constitute an important item of 
investigation of an irrigatidn project .and project reports have 
been required in the past to specially deal with it, iierial 
surveys are very useful for getting a speedy broad idea of the 
nature of the prevalent soil, iierial photographs are available 
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with the Survey of India for the entire country, but for certain 
areas these arc in the restricted category and can be had only 
with special permission. Photo interpretation requires to be 
supplemented with field surveys by taking samples from 
boreholes and analysing them. The samples have to be taken 
close enough to cover the various soil types in the area. The 
boreholes have to be deep enough, say over 3 metres, to give 
a good idea of the soil profile. Normally, Samples taken one 
for every 1,000 hectares suffice for project farmulation. But 
a more detailed survey is necessary for the command area for 
determining cropping patterns suitable for it. For this purpose, 
a sample for every 50 hectares is required to be taken. Later, 
when the area has been brought under irrigation a still more 
detailed soil survey of the various operational holdings should 

.'h 

be carried out to find out the deficiency and excess of 
essential constituents and the kind and quantity of fertilisers 
and amendments that need to be applied. Soil, properties keep 
on changing with time, being affected by the crops grown and 
the fertilisers etc. applied.- Soil surveys have thus to be 
repeated periodically to keep'a track of these changes. We 
invite a reference to the Interim Beport on Soil Survey and 
Soil Map of India which we submitted to the Government in 
August 1972 . 



3 PilEPi4HATI0N FOR IRRIGi^ION 

16.3,1 In north India, land development on new projects has not 
been a serious problem as the soils there are easy to handle and 
the farmers already familiar with irrigated crop husbandry and 
eager to make use of canal water, would set about preparing land 
to receive irrigati.on supplies without much assistance or 
persuasion. It is only on Rajasthan C,anal Project that special • 
arrangements have been .necessary for levelling land in its 
extensive dune areas. In south India also wherever ‘a project has 
been carried out to irrigate existing rice areas the utilisation 
of Water has been rapid. This has been remarkably so in many 
projects in Kerala State as lands there were ready for irrigation. 
SLsewhcre in the peninsula area with more clayey soils the 
development has been slow and difficult particularly where farmers 
did not have previous experience of irrigated crop husbandry, . 
Main Steps for l^and Dcyelopnent 

16.3.2 For land development in command area a number of steps 

have to be taken. These comprise - 

i) layout of plots and of common facilities like 
watercourses, field channels, drains and farm 
roads; 

ii) consolidation of farmer's scattered plots into 
one or two operational holdings; 

iii) construction of watercourses and field channels; 

iv) construction of field drains where necessary and 
linking them with connecting drains;- 

v) construction of farm roads; and 

vi) land formation to suitable slopes. 

!Ihese steps have to be taken in a systematic manner. Firstly, 

layout plans and designs have to be prepared on suitable maps 
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nurking out l^nd for watercourses, field ch;annels, field drains 
and f arri roads as also the plots laid in suitable'sizes .and 
direction, iilthough land development has to be conpulsory, 
the Salient features of the proposal should be explained to 
the fanners concerned and their views elicited. Hae layout 
pl^an, modified if necessary, should then be used for demarcating 
holdings for individual farmers. In the process of consolidation 
of holdings, while the layouts would be prepared for the commands 
of individual outlets, allocation of holdings would be on the 
basis of consolidation operation for the entire village. Once 
the layout plan is finalised, work on the construction of 
watercourses, field and conViecting drains and farm roads c-an be 
proceeded with even before the work o<f consolidation of holdings 
is conpleted. The work of land formation can be taken up only 
after the ollotrent of holdings is done as individual farmers 
have to accept responsibility or liability for land formation. 
16.3,3 scheme of land development in a command area can be 
prepared only if suitable maps for the purpose are available. 
These have to be more detailed and on a larger scale than are 
required for preparing an irrigation project. While for 
project formulation topographic maps to a scale of 1:15,000 
with contours at one metre interval, are often used, the maps 
for command area development have t-o be to a scale of 1 : 2,500 
or 1:4,000 with. 10 cm contour interval. Where the terrain is 
steep the scale will need to be still larger for this contour 
interval, F..,r most parts of the country, village maps to 
1:4,000 scale are available. These are not accurate enough 
for purposes of land formation and fresh maps in most cases 
will need to be prepared for areas actually requiring land 
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forL-ati>-,n. We have dealt with the organisational aspect of nap 
preparation later on in ejection 6 on Org/onisation. 

16.3.4 In addition to the topographical naps, soil and land 
classification naps of the area arc required. The cropping pattern, 
the node of- irrigation, the slope to which land need to be gradedj 
the size and spacing of drains, etc. all have to take into account 
the nature of the soil. F.^jT preparing soil and l.and classification 
naps, soil sanples should be analysed of each soil series and 
sonetines of each soil phase in the area. The technique, norns 

and procedure for preparing these naps are now well established, 

F,..r preparing the scher.e of com and area developr.eht it should 
suffice to carry out only sample surveys of representative areas 
and not wait for the completion of the entire detailed survey work 
which, of course, would be required later for the actual 
irplenentation of the schene. 
i'lethods of Irrigation 

16.3.5 Hmong the factors that determine the n.ost suitable nethod 
of irrigation in a particular situation are the slope of the land, 
the crops to be raised, the- rate of infiltration and water holding 
capacity of the soil, and the extent and nature of the availability 
of irrigation supply. The node of irrigation should ensure 
sufficient water to satisfy the need of the plant but not so nuch 
as to le ad t^a waste and donage. The nethod of irrigation selected 
should conserve both soil and water. It nay be necessary to use 
more than one method of irrigation in a field each suiting a 
particular crop. 

16.3.6 Irrigation water can be applied to a field either by 
flooding thus wetting the entire land surface or through furrows 
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thereby wetting only port of the surface, Ciprlnkler 
irrigation which siuulates raihf ill, or (^rip irrigation which 
moistens soil around individual plants, are not significant in 
the context of connand area develcpment. For flood irrigation 
land is prepared either in border strips or check basins. The 
border strips can be lai^ along, the general slope of the field 
as graded borders or laid across the slope as contour oorders. 

In check basin method water is applied t^ small} relatively 
level plots into which a field is divided. Furrows can be 
classified into (a) graded furrows when laid down the prevailing 
land slope, (b) level furrows when felTly level lengthwise .and 
(c) contoua furrows when laid, across a sloping field along its 
contours. For close-growing crops or crops sown by broadcast 
corrugation method of irrigation is sometimes adopted. 
Ct^nrugations, are merely shallow closely spaced furrows and like 
them Can be graded, level or contour type. The signific.ant 
difference'between furrow and.-.corrugation method of■ irrigation 
is that in the latter case- plants need not be in a row .along 
the corrugations which are usually formed after sowing but 
before the germination of seeds, 

16 . 3.7 For border irrigation, the width of the long parallel 
strips, called borders, is governed by the 'size of the 
irrigation stream and the degree of land levelling practicable. 
It Can vary from ^ to metres.,, xi small irrigation stream 
would require narrow strips and in consequence more separating 
ridges than jn the case of a large stream. If the width is 
less than tv^ice the turning circle of a tractor, that is 
about 15 metres, it interferes with the operation of machinery. 
The length of the border is governed by the nature of the soil 
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and cm be 60 to 120 netrcs In sandy and smdy loar,; soils, 100 to 
180 metres in mediur. loan soils md 150 to 300 metres in clo.y loom 
or clay soils. It is important that the borders should have 
uniform longitudinal slope and should be level across. While a 
minimuji slope in the borders, as alSw in furrows, is necessary for 
irrigation, the slope his to be kept flat enough so that the soil 
may n^t get eroded by the irrigation stream and rainfall. The 
recommended safe limits of land slope for different types of soil 
are: 

i) heavy (clay) soils 0.15 to 0.35 cent 

ii) nediaim (loam) soils 0.2 to 0.^ per cent 

iii) light (smdy) soils 0.25 to 0.65 per cent 

The border method of irrigation is most suitable for close growing 
grain crops such as wheat, barley and fodder crops, 

16.3.8 In designing contour borders the same considerations md 
criteria aoply as f^r graded borders. Only the slope of the Imd 
becomes m additional factor in fixing the width of the borders as 
a series of steps are formed down the slope, a reasonable drop 
from step to step is about 30 cm md normally it should not be 
more thm 60 cm from consideration of cost of earthwork and 
maintenance of the borders. It saves on earthwork if the contour 
borders follow closely the original topography. 

16 . 3.9 Tn check basin method of irrigation, a field is divided 
into relatively small and fairly level pl^ts md water is let into 
the individual plots from a field chmncl running along them. The 
plots c.olled check basins are gener.olly rectmgular but need not 
be so md may follow the contours of the l.md surface. The size 
of ridges enclosing the basins depends upon the depth of water to 
be ir.pounded and the stability of the soil when wet. This method 
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cf irrijj.tijn is particularly suitable for heavy soils as water 
has to be kept on then longer because of their low rate of 
infiltration., Rice crop is mostly Irrigated by this methocU 
The nethod is useful also in leaching soils for removing 
excessive salts and is efficient in conserving rainwater and 
soil. 

16.3*10 T\irrow irrigation is suitable for all row crops like 
maize, jowar, bajra, sugarcane, cotton, tobacco, groundnut, 
potato, vegetables and plantation crops. It is most suitable 
when the crops are sensitive to ponded water, like beans and 
p..t.oto, or sussccptible t.> fung.il rco;t rot or root injury like 
sugarbeet, safflower and castor. Normally one row of crop is 
planted on a ridge but in the case of groundnut and. certain 
vegetable crops JJ.ke chillies, onion, cabbage, etc. a row may 
be pl.inted on either side of the ridge. 

16.3.11 In surface method of Irrigation, the water application 

efficiency, that is, the percentage of water applied that goes 

to increase the soil moisture in the root zone of a cr^p, 

depends on how carefully the field is prepared to receive 

irrigation water and how well the supply is regulated. Jtn. 

excessive dose of water lowers the efficiency due to percolation 

of Water below the root zone or runoff from the lower end of 

-1 

the field. >iccording to FAP^ the efficiency of application 


1. Irrj.gation Practice and Water Management, 

Food and ^riculture Organisation, Rome 1971. 
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of water by different ncthc.dD of irrigation is as under; 


method of' irrigutiun 

basin and level borders 
border. 


offi.ciency of application 
(percentage) 

60-80 

^: 0-75 


furrow ^^~70 

corrugation 30-70 

contour channels 50-55 

s p r in k.l e r s 6 5“ 6 5 


The range of officiency is quite wide. On hea^o^ soils with their 
low infiltration rates, higher efficiencies are possible with 
short run for "ur,and border irrigationo 

16.3.12 Lari :'ro:a oonslderafcion of its slope can be classified-^ 
as under; 

Class 1(a) •’ slope between 0.02 and 0.1 per cent 

(1 in 5000 to 1 in 1000) 

Cl.^ss Kb) - slope between 0-1 .md 1.^ 

(1 in 1000 to 1 in 100) 

Class II '• elope between 1.0 and 3*0 per cent 

C1 in 100 and 1 in 33) 

Class III - slope between 3*0 snd 5*0 per cent 

(1 in 33 to 1 in 20) 

Major portion of the alluvial, tracts of the Indo-Gangetic basin 
and delta areas fall in Class 1(a) and most of the land in the 
rest of-t-he.. .country In the remaining classes. Land preparation 
for irrigation on steeper slopes becomes expensive .and in areas 
with natur;al slopes exceeding 10 per cent it may cost so much aS 
to najee introduction of irrigation there uneconomical. 


f. 


Handbook on Irrigation Water Management. Ministry of 
.Agriculture and Irrigation, Government of India, Hew Delhi 


1971. 
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Layout in Outlet Coiu:.ands 

16 , 3^13 In an irrigation uroject the unit f^r purposes of 
designing layout for irrigated l.and is the coraiand area of an 
outlet. Ideally, within this cQ;.....and area each field should 
he appr«:.ach i.ble f^r tr uisport of inputs .md harvest, and have 
the Lioans of receiving irrigation supplies .and of reDoval of 
surplus irrigation or rainwater which M.ay cause danage to the 
crop. Tlie f.irm road and the field drains obvi^^usly have to be 
properly connected with those in the neighbouring areas to 
ultimately link up with the nain ones. Therefore, while the 
layout in the coiaioand of an outlet has to be complete in itself, 
for proper linking it cannot be designed in isolation. 
Consolidation of holdings is a pre-requisite to proper layout 
in a GOO .and area. Inuring the process of consolidation of 
holdings, l.and can be earmarked for farm roads, watercourses 
,ind connecting drains, and the fields relaid to proper length 
and width and to suit the natural slope of land for facility 
of land levelling. It is not necessary that all field 
boundaries should be straight. Tlelds would be just as easy 
to cultivate if they were to follow the natural contours of 
the land to avoid extra earth movement. However, triangular 
fields and fields with acute angled comers should be 
avoided as they are difficult to cultivate. 

16.3.1^ ^ good layout has to be simple with a minimum length 

of watercourses and drains and a minimur: of cross structures. 

One test of a good layout design is to find out the percentage 

of the land taken up by farm roads, watercourses, and drains to 
the total area. Different layouts for on area can thus be 
corp^ired .aid the most advantageous one adopted, taking into 




account other factors such as the quantity of earth to be noved 
in shaping the land. To illustrate, a layout for ah outlet 
coLiaond having large fields and another one with Scoll fields are 
shown in Maps !■ aiid II, 

Watercourses 

16 . 3.15 In a good layout every operationxl holding shovlcl get 
Water directly fron the watercourse, which nay have to branch ofi 
into two or nore sub'-watercourses or field channels. The total 
length of a watercourse in the coLa.ond of an outlet nay vary fron 
2 to V kra. The length would be relatively short in rj ce areas'. 

In light soils where seepage losses are high, it is desirable to 
line the watercourses. As lined watercourses are expensive, it 
is Inportont that their length should be kept'Short by avoiding 
zigzag routes. -The length of even unlined channels should be 
kept nininun to save on seepage losses, 

Tleld Drains 

16 . 3 .16 In irrigation projects the practice till recently has 
been to provide only feeder drains for carryii-^g drainage water 'io 
the loain drain. No field drains were provided .and drainage was 
expected to take place fron field., to field till it reached a 

“ •'•.i .* '• 

feeder drain. F^r wont of' field drains during a heavy downpour 
water woiold often stand in a field for a long.period, Attempt 
to drain it off through a neighbour's field often led to 
dissensions. Crops suffer heavy damage whenever water i's allowed 
to stand in a field for a long.^Pbriod, liven rice crop suffers a 
great do.al when plants remain submerged beyond a certain period. 
The percentage reduction in yield for different periods' of 
submersion during different stages of plant growth for rice crop 
observed in Japan and Korea are given in .ippendices 16,1 and 16.2, 
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In the case of light irrigated crops, the damage due to root 
submergence arises on account of obstructed aeration of soil 
thereby inhibiting normal respiration. Also, in some cases it 
causes root rot. 

1 6 . 3 .17 i'lo uniform norm can be prescribed for providing field 
drains in irrigated areas. The requirements of rice fields arc 
different from those of other crops. It is the intensity and 
pattern of rainfall and the nature of soil which determine the 
design of the drainage system. In light soils because of their 
good internal drainage, a good deal of water standing in a 
field seeps down quickly relieving to that extent the surface 
drains. In heavy soils on the other hand because of their low 
permeability and high water retentive capacity surface drainage 
is very Important, as the heavy soil once it becomes soggy remains 
so for a fairly long time. Generally, field drains can be 
designed to cope -'.'ith heavy cloud burst of once in five years 
frequency. The main drains need be designed for once in ten 
years frequency, Th.. obvious location for a field drain is at 
the lower end of the field, that is, on the side opposite to 
the Watercourse. 

5-AV Vv, Roc^S 

If. 3,18 Ideally, each field should abut a farm road for direct 
access without having to pass through another person's field. 

This becomes important where in a command area a variety of 
crops arc grown in a season with different sowing aJid 
harvesting times. k\ attempt has, therefore, to be made to 
provide independent access to each field to the extent 
feasible. Farm roads can be laid either along watercourses 
or along field drains; the latter is preferable. Watercourses as 
a rule, have to be at a higher level than the adjoining fields 
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to be able tc irrigate ther. A farn road laid along the 
watercourse will have to cross the various inlets to the fields 
with possibility ^f wastage of water there and damage tj the road. 
On the other h.-and, if the farm road is laid at the lower end of 
the fields in the trough with field drains on either side, the 
farm road would mostly remain dry and unaffected by flow of water 
in the side drains, which narnally would be below the level of 
adjoining fields. The earth from drain excavation can be utilised 
in road formation and that fron its clearance for road maintenance. 
The farm road can be 3 to metres wide and about 20 to 30 cm 
above the field level. Farm roads should be provided with properly 
laid pipe crossings from the fields to the drain. In heavy 
rainfall the farm road with its side drains can act as a shallow 
wide drain being at the lower end of the fields. With two side 
drains, the farm road would provide sufficient clear width for a 
hairvester combine to be taken over it. 

Consolidation of Holdings 

16,3.19 We have dealt with the subject of consolidation of 
holdings in Chapter 68. In the present chapter we wish to 
emphasise its importance in relation to command area development. 

In fact, consolidation of holdings is essential for a proper layout 
of Watercourses, field drains, farm roads and the fields themselves. 
During the process of consolidation, land can be earmarked for 
these and other corx'on purposes. It has been experienced that, when 
consolidation of- holdings forms a part of a much wider development 
programme such as command area development, there is loss 
hesitation on the part of the farmers in agreeing to it. The 
planning of l<and development, Including construction of 
watercourses, field drains and farm roads, has to go hand in hand 



with consclldation of holdings. On the updated contour nap of 
coiTjoand urea should he Ciurked the nost suitahle alignments of 
the above items, taking into account the roquirer.onts of l:ind 
formation, lifter taking out the area required for these 
purposes, the remaining area can be parcelled out in consolidated 
holdings on the basis of the productivity value of each field. 
Other measures required under land reforms such as enforcement 
of land ceilings, allotment of surplus land etc. can be carried 
out at the s jr;e time. It is desirable that Sm.all holdings 
should be grouped in a contiguous area near the periphery of 
the village. Within the corjoand of an outlet, the smaller 
holdings should be located at the beginning of the watercourse 
and the larger ones farther away. This would facilitate 
equitable distribution of water to the smaller holdings. 

Sometimes the multiplicity of tenurial system and absence of 
uptodatc record of rights may present difficulty in the 
consolidation work and prolong the process. Where such a 
situation exists, the work of updating the record of rights etc. 
should be taken up well in advance of the work on the irrigation 
project. In some States, mostly in the South, the irrigated 
land can be divided into three categories, namely, rice lands, 
plantation lands, rand lands under other crops. If a farmer 
owns lands of more thja one category, then it is better to 
let hir have more than one holding on consolidation. 

16.3.20 Consolidation of holdings, by itself, confers a great 

deal of benefit to the f.trmers in the shape of increased 

1 

production. A study made in the undivided Punjab some years 
ago revealed that without any change in the method of 

1. 1971, I^dhawa h.3., Towards a. Planned Countryside (Progress 
• f consolidation of holdings in Punjab) New Delhi, Planning 
Commission. 
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cultivation, on increase in agricultural production of 25 p^r cent 
resulted frou land consolidation alone. In another study^ made in 
Uttar Pradesh in 1962-63, it was found that consolidation of 
holdings gave a substantial saving on hum,an and bullock labour and 
gave an increase of 35 P<^r cent in jowar crop ,and 12 per cent in 
rice crop. The c.,'St of production of individual crops got reduced 
from 15 to 4-9 per cent and the output-input ratio rose by l4- per 
cent. 

16.3«21 iill the steps necessary for development of land in a 
cooLiand area have to be taken together in an integrated manner. 

It is not only impracticable but is unduly expensive to cater for 
one requirement at i time. For instance having provided 
watercourses unrelated to proper landshaping and adjustment of 
field boundaries for consolidation of holdings, much of their 
alignment must remain zigzag or large portions must be exc.avatcd 
afresh. The cost of modification can be considerable particularly 
if the watercourses are lined in which case perhaps they would be 
left alone unsatisfictorily aligned only to come in the way of 
proper landshaping and adjustment of field boundaries. Nor can a 
network of field drains be superimposed satisfactorily in such a 
situation. 

16.3.22 Ordinarily between a rectangular type and a contour type 
of layout the choice should bo for the latter. The rectangiilar 
type is suitable in very even and flit terrain, but takes up more 
land for farm reads, drains and waterc.mrses than the contour 
type, is the contour type conforms to the natural conditi.;ns more 


1. 1971 , Agarwal S..K., , iSconomics of L ,nd Consolidation in India, 
New Nelhi. S. Ch:ind Jc Co. 
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closely than thts rectangular type, it entails less of change- 


and is consequently easier and cheaper to execute. 

16 .3*23 In order to economise on land required for watercourses 
and field drains there has been a suggestion that a single 
channel might serve both the purj^ses under certain conditions. 
This arrangement could possibly be contemplated for fields where 
the general slope of the terrain is more than 2 per cent and 
there is appreciable drop from field to field. In such a 
situation the channel would act as a drain for the upper field 
and a watercourse for the lower one. In general the arrangement 
does not work satisfactorily. In most situations it is not 
feasible. 

16.3.24- The full package of measures for land development in 
cccaiand area comprising consolidation of holdings, land formation, 
provision of watercourses, field drains and farm ro ids woul:! 
reduce to sme extent the area available for cultivation. The 
overall gain due to the resiilting improvement in the production 
capacity of the land on the other hand would be appreciably more. 
There can, however, be situati-ons where more land becomes 
available for cultivation after land development has been 
Carried out. This can arise from reclamation of waterlogged 
lands on provision of drainage, consolidation of STiall sized 
fields into larger ones thereby reducing the area under field 
boundaries, and reduction to appropriate size field bunds where 
too wide. Reclamation of broken or revine land within the 
command of an outlet would also add to the cultunable land. In 
order to get an- .idea of the increase or decrease of land in the 
command of an outlet due to the package of land development 
measures, information was sought from a number of project 



authorities. The information received is presented in 4)pendlx 
16.3 It is to be noticed that the increase or decrease is not 
marked. 



h PREPiiflATION OF COMl^ iiREA DEVELOPMENT REPORT 

16.4.1 In Chapter 15 on Irrigation, we recomnended that an 
irrigation project report should be prepared in three parts, 
besides the general report, as under: 

Part I - all engineering works fron source of* 

supply up to outlets, including drains. 

Part II - all engineering works in the conriand 
area comprising land levelling and 
shaping, construction of watercourse's- 
lined or unlined, field channels, field 
drains and farm roads. 

Part III- other items pertaining to agriculture, 
animal husbandry, forestry, fishery, 
communications and co-operation. 

The general report and Part I have been dealt with in Chapter 15» 
In the present section, we deal with parts II and III which 
pertain to command area development. 

16.4.2 Normally the Irrigation Department submits a feasibility 
report based on reconnaiijSance and preliminary surveys including 
agri-surveys and seeks authorisation for the preparation of 
project report which entails a good deal of field investigation 
for which fxands have to be sanctioned and budgetary provisions 
made. Once approval of Government is accorded to the preparation 
of a project report, the Irrigation Department should immediately 
notify other concerned departments of this approval and, giving 
an outline of the project, advise them to take up investigations 
of the items which pertain to them. These concerned departinehts 
should prepare their own estimates for any field investigations 
which they may need to carry out and obtain the necessary 
Sanction and funds through their own departmental channels. 
Generally these requirements are relatively small. 
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16.4.3 It is inportant that the responsibility for the 
individual items to be incorporated in the project report should 
by clearly specified so that no item falls between two stools. 
Invariably Part I of the report is prepared by the Irrigation 
Department. The items which go,into Part II are in the nature of 
engineering works. Watercourses and field channels are merely 
water conductor system extended beyond the outlets to the fields. 
Similarly, field drains are extension of the drainage system in 
the area to individual fields and have to be properly connected 
to it. Construction of roads is essentially an engineering 
task. So is land formation which lO nost situations require the 
use of earth moving machinery. In view of these considerations, 
the responsibility for preparing Part II of the project report is 
best placed on the Irrigation Department. As this work is not 
being handled by the Irrigation Department at present, that 
department should organise a special set up for the purpose. For 
this agricultural engineers should also be inducted in the 
department. The personnel should be given the necessary training. 
As regards Part III of the report, the departments concerned 
should prepare their portions and make them over to the 
Irrigation Department after a discussion for compilation. The 
Irrigation Department should then submit the complete report, 
comprising all the parts, for sanction. 

16.4.4 Besides hydrological investigations, topographicaa and 
soil surveys are the more extensive and time consuming ones that 
are required for formulating an irrigation project. For purposes 
of Part I of the report, the Irrigation Department has to have 
topographical maps to a scale of 1:15,000. For command area 
development, maps to a much larger scale of Is 2,500 are required. 
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but they are needed for the actual execution of work and not 
for fornulation of Part II of the report. The cost of preparing 
these maps should, however, be shown in Part II. For purposes 
of the report, soil surveys need to be carried out only to such 
an extent a.s would provide adequate information for determining 
suitable cropping patterns for the various parts of the command 
area. For actual development of command area, more intensive 
soil surveys would be needed at a later stage and their cost 
should be shown in Part II of the report. 

16.4.5 In several irrigation projects, there are areas in the 
command which require reclamation. Normally, no provision is 
made for such reclamation work in Part I of the project report. 
This item should, therefore, be included in Part II. The extent 
of the.area, its ownership, the nature of the reclamation work 
to be Carried out, its cost and the mode of financing it should 
be fully dealt with in the report, 

16.4.6 The scope of land formation In the command area depends 
on the nature of the terrain, the layout of the fields and the 
mode of irrigation. The cost woiild vary not only from project 
to project but also from area to area within the command. 

Unless cost figures for this work are available from an 
analogous area, it may be necessary to carry out actual work 

in some representative areas in the command on an experimentcQ 
basis to arrive at a reasonably accurate figure of estimated 
cost for the entire command. On sanction of the project the 
land formation work can be executed partly by the farmers 
themselves and partly through either (a) land development 
corporation or (b) agro-industries corporation or (c) private 
contractors by the usual process of tendering for the work. 
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A broad indication as to how this work would be carried out should 
be given in the project report. It may be necessary to provide 
for some initial drives Lment on earthmoving machinery. If so, the 
number and type jf macnlnes to be procui’ed and their estimated 
cost should uo stated in tde vojoct 'cport. 

16.4.7 In i-he ^lamdiig Conailssion recommended that the 

project authorit'.es shonJd be made responsible for the construction 
of watercourse,: it irojcct cost. The v;atercourse was defined as 

a channel buil.t at overnmont expense to convey water from an 
outlet to a block of ^:0 hectares or as may be prescribed. Beyond 
the watercourse rhe fj^ld channels were required to be built by 
the cultivators to nerv! the various fields within the blocks, the 
Irrigation Department assisting them by providing guidance on 
alignment, liost S.a.tes have followed this procedure although on 
Tungabhadra and Nagarjunasagar projects even field channels have 
been constructed by the department at project cost with good result 
We have already recommended in Chapter 15 on Irrigation that where 
lined watercourses are required do be provided these should be 
constructed at project cost, which should be shown in Part I of 
the report. Field ch.annolvS should be constructed by the farmers 
themselves but v.here on defauJ.t these have to be constructed by 
the department, t. o cost shoim.-. be recovered from the beneficiaries 
While the cost of watercourses chargeable to the project is shown 
in Part 1 of the report, that recoverable from the beneficiaries 
should be shown In Part II, The amount would be approximate, 

16.4.8 Wg have earlier stated that in our view farm roads 
should be provided by the side of field drains. The earth 
removed from the drain can be used to even the surface of the 
road. Thus the two have to be constructed together in a single 
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operation. In Part II of the project report, the specifications 
of the road and the size of the field drains including underground 
drainage where adopted as also their costs should be stated, 
indicating the bases for fixing them. 

16 . 4.9 We have drawn attention to the fact that consolidation 
of holdings is essential for a proper scheme of layout in the 
command area. The arrangements for carrjoLng out this work as 
also the cost involved should bo Indicated in Part II of the 
project report. 

16.4.10 As regards Part III of the project report, the 
departments mainly concerned are - 

i) Agrlciilture Department, 
ii) Animal Husbandry Department, 
lii) Forest Department, 
iv) Fisheries Department, and 
v) Department of Cooperation. 

16.4.11 The Department of Agriculture should comprehensively 

deal with the following matters,: 

, 1 ) tillage practices, existing and proposed; 

manpower requirement and its adequacy; bullock 
power, its requirement and availability; the 
need and scope of mechanisation; 

ii) cropping pattern including fodder crops, crop 
calendars, yield and production, both existing 
and on introduction of irrigation, discussing 
the factors which have weighed in the choice 
of the patterns; 

Hi) requirement and production of seeds; 

arrangements for their distribution; suitability 
of different varieties for use in the area; 
adaptive research required for new varieties; 

iv) requirements of fertilisers and manures; 

arrangements for soil testing for application 
of fertilizers and amendments; arrangements 
for their procurement and distribution; 
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pj.ant diseases which would require atterii.j. 011 ,. 
requirement and arrangement for supply of 
pesticides, weedicides and insecticides, 
arrangements for spraying, etc; 

role of agro~Industries and the scope of 
their service in the cor.r and area; 

existing extension services in the cocmiand 
area and proposals for their future set-up; 
requirement of experimental and decionstration 
farms; 

existing status of horticulture in the area 
and proposals for the future; arrangements 
for nurseries and facilities to be provided 
to the farmers for promoting horticulture; 

arrangements for transportation, storage and 
marketing of agricultural produce; and 

credit facilities required for the various 
inputs and arrangements for the same, 

16.4.12 The Aiimal Husbandry Department should indicate the 
various programmes which would be taken up on the introduction of 
irrigation in the command area. In particular, it should deal 
with the requirement of livestock fodder and feeds, dairy 
development, arrangements for processing and marketing various 
products, and extension services that may be needed for the 
purpose. 

16 . 4.13 The Forest Department should indicate proposals for farm 
forestry stating the species to be encouraged; the need of wind 
breaks and shelter belts; arrangement for nurseries; and the 
extension organisation that may be required for promoting the 
programjnes. In some States, canal plantation work is done by 
the Irrigation Department and in others by the Forest Department. 
Irrespective of the department that carries out canal plantation, 
provision for it is normally made in Part I of the report. This 
may continue to be so. Any scheme of irrigated forest plantation 
that may be contemplated for the area would be a scheme of the 


Vi) 

.vii) 

viii) 

Lx) 

x) 
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Forest Departrr.ent to be dealt with by that department. But it 
should be outlined in Fart III of the report, 

16,4. l4- While preparing the project report, the -g^sheJieB 
Department has to be consulted in respect of the extent to which 
reservoir area should be cleared of trees and shrub, as also in 
respect of the structures to bo provided in the interest of 
fishery and the minimum flows that may be required from the 
reservoir for riverine fishery. These matters pertain to Part I 
of the report. For Part HI, the Fisheries Department should 
deal with arrangements for fishery in the reservoir, setting up 
of seed fish farms, the scope sjid proposals for tank and pond 
fisheries in the command area; leasing policy; credit facilities; 
training programmes for the personnel; arrangement for marketing 
and processing. 

16,4-. 15 With the prosperity which irrigation will bring to the 
area, there will be need for improvement in communications, 

More roads may have to be constructed and the existing ones 
improved to cope with the increased traffic. The Public Works 
Department or the Zila Parishad, as the case may be, should 
draw up proposals in respect of these requirements for 
incorporation in Part III of the report, 

16.4.16 The Department of Cooperation should deal with 
marketing, processing, supply of credit and provision of 
storage on a cooperative basis. 

16.4.17 We would like to clarify that whereas Parts I and II 
of the project report arc intended to be operative on sanction 
of the project. Part III is intended to bring home to the 
sanctioning authority the scope of the developmental programme's 
which will need to be initiated and carried out in other 
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:onne'cted fields, 'The concerned departments will prepare their 
ietailed; schemes in due coi.7r*se and obtain sanction through 
iepartmental chaiinels in the .normal v^ay* Part III of the report 
ufould serve to focus attention on those programmes so that none is 
overlooked and aI>-So ensure proper cocrtiii nation from point of 
timing* 

T6,V..l8 There can be a geriiine appro tons iqn that the preparation 
of Part III of the project ropoi L on/olving. a number of departments, 
as it. doesmay be delayed by ore department or the other, and 
that may hold up the submxcsi.^n of the entire project report for 
Sanction. As the mair: task of preparing the project report has 
to be shouldered by the I?’rigation department, that Department 
should indicate the date by which Part I and II would be ready 
and should intimate to the other concerned departments the date 
by which their part of the report should be made available. It 
should then keep in touch with the progress made by them in the 
matter, requesting them for expedition v/here it lags, 

16.4,19 In 1954 , the Platuiing Commission issued for the g^LLdance 
of project authorities a mcmcran.^um on investigation of irrigation 
projects and indicated how proj.ct reports were to be prepared. 

The cvoncept of irrigation orojcct .'.fas then confined to 
engineering works onl.y. ihos^ ,-uide.;.ines were latep modified in 
1961 ^d a modified memorandum was circulated by the Planning 
Commission. The memorandum envisaged construction of 
watercourses as part of the pr )jbct, but .the general concept 
remained unchanged. Since then, there.has been a growing 
awareness that an irrigation project does not merely consist of 
.works designed to supply irrigation water but also encompasses 
all connected measures for proper utilisation of water. Command 
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area devolopnient thus f:5rned an important part of the project 
and future irrigation project reports were required to provide 
for it. In view of this, in March 197^, the Planning Commission 
issued fresh guidelines for the preparation of project reports 
and prescribed a format for the same. We suggest that the 
format should be modified in the light of the suggestions and 
recommendativons contained in this and the preceding chapter. 



5 PERSPECTIVE OP GO^i^lAND AREA DEVELOPMT 
16 .5*1 -As explained earlier in this chapter, measures for 
command area development comprise (a) land formation as may be 
dealt with in Part II of project report and (b) all other items 
of development which may be set out in Part III of the report. 

But land formation with well laid out watercourses, field channels, 
drains and farm roads is the very foundation on which the success 
of other measures and increased production rests. This highlights 
the importance of timely and proper implementation of land 
formation programmes. Even on completion of land formation work 
in a command area it takes some time for farmers to make the 
fullest use of irrigation supplies particularly where there is no 
previous experience of irrigated crop husbandry. The farmers 
have to muster resources in money, biallock or machine power, and 
cautiously familiarise themselves with the techniques of 
irrigated crop husbandry. In drawing up a perspective of command 
area development, it would perhaps suffice to consider the 
magnitude and pace of land formation work in time sequence. Other 
measures would follow with some lag. 

16.5*2 For land formation in command area the following steps 
have to be taken and a sequence of operations observed: 
i) preparation or updating of land maps; 

•.ii) updating of land records; 

iii) soil survey and collection of other relevant data; 

iv) motivating farmers and obtaining their consent 
to land formation programme; 

.v) preparation of layout plans and designs; 

"vi) consolidation of holdings; 

'’vii) procurement of machinery; 
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Cviii) obtaining advaJico loan from bank in the form 
of interim accommodation for six months on the 
basis of plans prepared; 

Cix) obtaining and forwarding applications from 

individual fanners to the bank for processing; 

(x) actual carrying out of land formation work; and 

(xi) Sanction of loan to the farmers by the bank 
and its adjustment against the advance made 
to the land development corporation. 

A number of these operations can be taken up simultaneously and, 

therefore, it should be possible to complete the task in two to 

three years from the time it is taken up, depending upon the 

state of land records and availability of maps. It would be 

necessary to modify the consolidation procedures to speed up the 

process. Also, if an undue lag in the utilisation of irrigation 

supplies is to be- avoided, then it is necessary to take up land 

formation work in hand concurrently with the construction of 

irrigation channels, 

16,5*3 Ihere is a considerable backlog in command area 
development in the existing major and medium irrigation projects. 
At present, command area awaiting land formation work is of the 
order of 10 Mha including that where irrigation supplies would 
become available in the next two to three years and which ought . 
to be tackled now. Land formation work would need to be 
completed in about 30 Mha by the year 2000 and in about 49 Mha 
by the year 2025. Table 16.1 gives the phasing of the land 
preparation work to be done. Of course some of the land may 
not require any significant land grading or land shaping, but 
every command area would require most of the items of work 
necessary for getting it ready for irrigation. 
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Table 16.1 

Programme of land Preparation under Major 
and Medium Irrigation Projects 

_(Tnlllion hectares) 

Area Annual Prepared Backlog 

remaining rate of during 

to be land the pre¬ 
prepared prepara- vlous flve- 

tlon year period 


1975 

10 

10 

Neg. 

- 

10 

19®0 

13 

13 

1.0 

2.0 

11 

1985 

17 

15 

1.4 

6.0 

9 

1990 

21 

13 

1.4 

7.0 

6 

1995 

25 

10 

1.4 

7.0 

3 

2000 

30 

8 

1.4 

7.0 

1 

2005 

35 

6 

1.0 

6.0 

- 

2010 

4o 

5 

1.0 

5.0 

- 

2015 

1+4- 

4 

0.8 

4.0 

- 

2020 

47 

3 

0.6 

3.0 

- 

2025 

49 

2 

0.4 

2.0 

- 

16.5.^ 

Land formation 

work is 

being carried 

out by-a number 

of 


command area development authorities on different projects. But 
the pace Is exceedingly slow. With a backlog of 10 Mha, all that 
coiild be achieved by these authorities in the last couple of years 
Is about a lakh of hectares with most of It only partially done. 
The Union Government has set before it a target of adding an 
irrigation potential of 5 Mha in the remaining four years of 
Plfth Plan. Stepping up from the present insignificant pace to 
one Mha per annum by the year I 98 O would require a stupendous 
effort and this requires immediate action. Even so, during the 
Tlfth Plan period it may be possible to develop only a couple of 


Year Chimulative 
net area 
requiring 
land pre- 
• paration 
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million hectares. The constraints would be both organisational 
and financial. We have dealt with these later on in this chapter. 
Even with a conservative figure of -'rvr-e nJllion hectares of 
additional potential in the last four years of the llfth Han, 
the backlog , of land formation v/ork would be more by the end of 
the period. Stepping up of the tempo of work in subsequent 
period can gradually reduce this backlog lo. ---'ng a small one by 
the turn of the country. We cannot ur^e too strongly that the 
problems of command area deveiopmenL, particularly those 
pertaining to organisation and firiai'.ee shouj-d be given immediate 
and serious attention. The requirement of funds for this 
programme, mostly from institutional sources, is expected to 
rise to Rs. 120-150 crores per annum by I 98 O. and increase further 
as the pace of development gets stepped up, 

16.5.5 Proper land formation is equally important in the 
commands of minor irrigation projects, though individually on a 
much smaller scale. Most of the groundwater development is 
concentrated in the alluvial tracts. Here the terrain is 
generally even and land formation is relatively easy though no 
less important. Where the terrain is uneven land formation 
should receive due attention. By the torn of the century there 
would be about 9 Mha that would require action. In the case 

of groundwater, the sinking of tubewell and its comunand area 
development should be a single compos!oe work to be carried out 
simultaneously. 

16. 5 .6 Not on all existing Irrigation projects the best use 
of irrigation supplies is being made. In our Interim Heport 
on Modernising Irrigation Systems and Integrated Development 

of Command Areas we recommended that the existing projects should 



be reviewed with a view to improving them for more efficient 
performance and better use of irrigation supplies. This review 
should include an examination of coinmand areas to bring out the 
work that would be necessary in the matter of their development 
on the recommended lines. This requirement has to bo kept in 
view in making the organisationaiip^d financial arrangements. 



6 organisation 

16,6.1 For a satisfactory development of command areas there 
has to be an adequate and efficient organisation to implement 
the programme. As the concept of command area development has 
been underg.oing h trah^formation from the earlier idea of merely 
providing watercourses and field channels and later also field 
drains to the present comprehensive concept of complete land 
development and provision of infrastructure and inputs, so have 
the organisational arrangements been changing to implement it. 

In the fifties, Tungabhadra Project was one of the earliest major 
projects to provide irrigation in an area where land was • 

undiilating, the soil difricult to cultivate and the farmers 
unfamiliar with irrigated farming. There it was soon realised 
that without governmental assistance and guidance in a big way, 
the area would take a long time to develop. The divisional 
Commissioner was therefore concurrently appointed as an 
Mministrator to supervise and coordinate the activities of the 
concerned departments in this developmental e-ffort. Later, a 
similar step was taken for the Kosi command area in Bihar. 

16.6.2 It was, however, realised before long that something 
more than mere coordination of efforts of the various departments 
was required for the expeditious and proper development of the 
command areas. On the Nagarjunasagar Project in Andhra Pradesh, 
therefore, a different setup was adopted, A senior engineer was 
appointed Special Secretary in the Irrigation Department and he 
headed the Development Committee of the Project. He was given 
the powers of head of the department of all the departments 
involved in the development of the area. Under him a team of 
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officers of four departments, namely, Irrigation, flevenue, 
Cooperation and Agriculture was formed. This field team visited 
the area, village by village, and jointly sorted out the problems 
of the farmers regarding irrigation supplies, location of 
watercourses, adoption of cropping patterns for irrigated farming, 
supply of inputs, etc. Arrangements were also made for some 
landlevelling though not comprehensively. In 1968, a Member 
Board of Revenue was put in charge of the development. 

16.6.3 At the beginning of the Fourth Flan, ten major projects 
were selected for intensified effort in the full and proper 
utilisation of irrigation supplies. Four more projects were 
added later on. It was envisaged that in the command areas of 
these projects, the State Governments would take up the work of 
soil surveys, construction of watercourses and field channels to 
the extent necessary and also some field drains. These areas 
were to be brought under the Area Development Programme for the 
development of infrastructure like roads, markets, storages, etc. 
Even at that stage, practically no separate organisation was set 
up for carrying out these activities, which remained mostly 
individual efforts of the concerned departments which were sought 
to be coordinated by appointing a senior officer for the purpose 
in .the project area.. 

Command Area Development Authority 

16.6.4 In spite of the efforts for a coordinated and concerted 
programme of acti^^n by the various departments in command area 
development, the progress continued to be tardy in making good use 
of the irrigation facilities- for a rapid increase in agricultural 
production so urgently needed. The Central Government, therefore, 
suggested to the State Governments in 1973, that they should create 
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by an executive order a Command Area Development Authority (CADA) 
for each command with an Aiministrator at the head of each. 

Siich an Authority could have more than one irrigation command 
if the size be not large enough.' The Aiministrator was to be 
given the powers of head of the department for all the concerned 
departments and a separate budget head in the State budget was 
to be created for each command area. At the State level, it 
Was suggested that there should be an inter-departmental 
committee under the chairmanship of the Chief Minister to keep 
under constant review problems relating to the optimum 
utilisation of irrigation. Also a wholetime secretary to be 
designated as Secretary, Water Utilisation and Command Area 
Development, having the status of Aidltional Agricultural 
Production Commissioner was to be appointed. This wholetime 
Secretary was to be ex-officio Secretary in the Agriculture, 
HeVenue, Cooperation, Forestsj PWD, Irrigation, PLauining and 
Finance Departments in respect of the command areas. This was 
a drastic change in the normal governmental setup and reflecte( 
a deep anxiety on the part of the Centre to secure very speedy 
development of command areas. Guidelines for the functions, 
constitution aAd powers of Comand Area Development 
Authorities were supplied to the State Governments, 

16 . 6.5 The Union Government indicated its readiness to shar 
with the States, on a 50s50 basis, the cost of establishment , 
of CaDA and the constitution of Water Utilisation and Command 
Area Development Department at State level, as also for soil 
surveys, preparation of farm plans, supervision, etc. Equity 
capital support to land development corporation, farmers' 
service societies, etc. for providing institutional finance 
to farmers for construction of field channels, field drains, 
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land levelling and land shaping was also to be shared on that 
basis. The States got busy in iraplerionting the suggestions of 
the Centre regarding the setting-up of the CaDA. In the Jlfth 
Plan, 51 irrigation projects including 14- previously selected have 
been proposed to be brought imder CaDa in 16 States. By April 
1975j CADA had been created for 31 of them. The pattern of these 
authorities, however, is net uniform. Their composition and 
responsibilities vary from State to State and some are described, 
illustratively, in the following paragraphs. 

16.6.6 In Maharashtra, a comprehensive organisation has been 
created for command area development. .In the Secretariat, a 
separate Secretary has been appointed in the Irrigation Department 
to deal with it. The organisation has three tiers. There are 
five Command Area Development Authorities covering 11 projects. 

At the apex, each Authority- has a Board with a Minister as its 
President and 29 to 4-5 members comprising one to three Ministers, 
Some Members of Parliaiiient and Members of Legislative Assembly 
and other public men, the Command Area Development Commissioner, 
the Divisional Commissioner, the concerned Collectors and seni-or 
technical officers etc. The Board approves the annual programmes, 
reviews its implementation and effects coordination between the 
different departments and development agencies. Once a programme 
and a plan of action are approved by the CADA, it becomes binding 
on all the departments concerned. The Board has full powers to 
take all decisions pertaining to the development of the command 
areas subject to the general policy directions of the Government, 
and the financial provisions made in the plan and budget. At 
the next level, each C>-)r.imand Area Development Authority has an 

TSvq 1 + *4 Trri 4- 4* r-i o Vi O r'l riH Vitr -i 4 44*o 
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executive. He is of Corairiissioner’s grade and exercises all 


powers of head of the departments concerned. The Commissioner 
of the Division, the Administrator of the Command Area 
Development Authority, technical officers of Superintending 
Bhgineer or equivalent grade and some non-officials are its 
members. The ibcecutive Committee takes decisions on routine 
day-to-day matters. In the third tier of the organisational 
set up is the Administrator. There is one for each Command Area 
Development Authority. He is a full tinie officer who is subject 
to the control of the Board and the Chairman of the Bbcecutive 
Committee, He is responsible for implementing the policies and 
programmes formulated by the Board or the Executive Committee, 
The Administrator is also Vice-Chairman of the Executive 
Committee. He has all the administrative and financial powers 
which are exercised by the Collectors of the districts and the 
regional officers of the various concerned departments. He can 
be an Administrative Service officer or a technical officer. 

The functions of the Command Area Development ^kithorities are 
very comprehensive. In fact they go beyond what they need be. 
The constitution and functions of these authorities are given 
in i^pendix 16,4. 

16,6.7 The' Gujarat State has set up only two Command Area 
Development Authorities, one each for the Ukai-Kakrapara and 
the Mahi-Kadana Command Areas. Each Authority is headed by an 
Area Development Commissioner and has as its members the 
Development Commissioner of tha State, heads of the departments 
concerned, District Development Officers and Collectors of 
the districts concerned, representatives of certain banks etc. 
The functions of these Authorities are similar to those in 
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Maharashtra but less comprehensive. Under this arr.angement all 
executive powers of the jiuthority vest in the .Area Development 
Commissioner who is a full-time officer of the rank .of Secretary 
to the Government. He exercises within his Jurisdiction sil 
powers of a head of a department. The composition and functions 
of these authorities are shown in ^pendix 16.5* 

16.6.8 In Bihar, the State Government has set up three Command 
.Areia Development Authorities, one ea'ch for Kosi, Gandak and Sone 
Projects. These Authorities are responsible for witer utilisation 
and integrated area development in the irrigation command of the 
respective project. Each Authority has a Board with the Command 
Area Development Commissioner as its Chairman and senior officials 
of the departments concerned, as also some non-officials, as its 
members. The Command Area Development Commissioner acts as the 
chief executive officer of the Authority. He exercises 
administrative and disciplinary control over all the staff of the 
concerned disciplines such as agricultureIrrigation, GoCfpSration, 
soil conservation, animal husbandry, fisheries etc. employed in 
the command area. There is provision for a- separate budget head 
for command area development, 

16.6.9 In Uttar Pradesh, for the Gandak Project, Government has 
set up the Gandak Area Management Board with the Divisional 
Commissioner as its Chairman, the Project Commissioner as its 
Vice-Chairman and the Secretaries and heads of the concerned 
development departments as members besides two non-official. 
members. The Area Development Commissioner has been given the 
powers of head of a department of all the departments eoncemed. 
It is to be noticed that the org:inisation for command area ;. 
development of Gandak Project is less elaborate than that in 
Maharashtra and Gujarat. 
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16.6.10 In Haryana, a Command ^irea Development Authcjrity for 
four none too large Irrigation projects is envisaged as a 
registered society under the Registration of Societies Act. The 
Divisional Commissioner, fiLssar is to be the Chairman of the 
society. Other members are senior officials of the departrri^nts 
concerned. The Divisional Commissioner, as Chairman of the 
society, will be an ex-officio Secretary to Government in Ci^D 
Department to be created. The development schemes in the 
command areas are to be implemented by the departments concerned. 
At the project level, the coordination between the various 
departments is to be done by the additional Deputy Commissioner 
as ex-officio Chief Project Officer, and at the level of 0-ACA 
by the Divisional Commissioner. At the State level for guiding 
the Command .iirea Development Authority, there is to be a State 
Level Committee with the Chief Secretary or Plnancial 
Commissioner as Chairman, .and Secretaries of all the departments 
concerned as members. This State Level Committee would take 
decisions on behalf of the Government referring such matters to ■ 
the Council of Ministers as it may consider necessary at its 
discretion. 

16.6.11 The pattern of organisation for command area 
development;that is being created in the States waS evolved 
under the compulsion of Speedily remedying the ills which had 
arisen due to inadequate and in^roper use of irrigation supplies. 
There was a considerable gap between the irrigation potential 
created and its utilisation. Hot only the large investment made 
on these projects were not proving productive enough btrt .the 
land in the command areas of some of them was also getting 
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therefore, was to tackle the projects which had good potential 
but were developing very tardily or erratically. -An organisation 
thought to be effective was devised for developing each of the 
mor« important of these projects. Later, the concept was extended 
to new projects as they materialised. In evolving the pattern of 
organisation for command area development, the influence of the 
financing organisations like the IDA was not insignificant. 5^on 
their point of view it is convenient to bring under one uLibrella 
the various activities for which money is advanced. The 
organisation devised for command area development, first 
conceived on an emergency basis, cuts across the established 
departmental hierarchy and was intended to cut short delays in the 
day-to-day work and ensure better coordination between the 
departments engaged in this work. It is, however, a matter for 
examination and consideration whether these organisational 
arrangements evolved for a few projects are suitable for adoption 
on a long terra basis, 

16.6.12 Since Independence 97 major and ^13 medium irrigation 
projects were taken up fur construction upto the end of Fourth 
Plan. During this period, 22 major and 3^8 medium projects were 
completed. These together had an irrigation potential of 11.4- 
Mha. In a nuniber of these projects, particularly the ones which 
were taken up early in the plans, irrigation has developed and 
not much more is required to be done except by way of normal 
extension work. Then there are projects which are only partially 
developed and which still require some land formation to be done 
and field channels, field drains etc. to be provided. The more 
recent projects and those under construction require the full 
package of developmental work. It has been estimated that about 



10 i'lha of cornruancl art-a now requires preparation for proper 
irrigation including that for which irrigation supplies will be 
available in the next two or three years. By the year 2000 
ahpther 20 ^iha will have been added to it. To deal with this 
large area of 30 Kha, it would be necessary to have an 
organisation capable of handling on an average about one Mha 
per annum by I 98 O and 1,^ Nha by 1985* This is indeed a big 
task and requires an efficient, steady and streamlined 
organisation manned by competent technical personnel well rooted 
for a continued employment on tasks requiring their expertise. 

So far, in the projects for which Command Area Development 
Authorities have been set up not even one per cent of the 
overall tempo required to keep pace with the potential has been 
built up, 

16. 6.13 The extent of the area requiring land development 
would vary from State to State. In a number of States there 
is already a heavy backlog. However, it is in ten States where 
most- of the command area requiring action will lie. Table 16,2 
gives statewise figures. 
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Table 16.2 


Area inquiring Land Preparation 
Under Major and Mediun Projects 



State 

Immediately 

Total upto 
2000 A.D. 

Andhra Pradesh 

1.5 

3.0 

Bihar 

1.4- 

4-.0 

Gujarat; 

0.? 

2.4- 

Karnataka 

0.9 

2.0 

Madhya Pradesh 

0.7 

2.-5 

Maharashtra 

0.3 

2.2 

Orissa 

0.3 

1.9 

Rajasthan 

0.7 

2.3 

Uttar Pradesh 

1.8 

4.5 

West Bengal 

0.6 

2.0 

All other States & 

Union Territories 

1.1 

3.2 

Total All India 

10.0 

30.0 


It is to be noticed that in the ten States listed above, the 
area to be dealt with upto 2000 AD varies from 2 Mha "Bo 4-. 5 
Mha, In the rest of the States and Union Territories it varies 
from about 1 Mha to a negligible amount. The size and nature of 
the organisation to cope with the .orea may thus also vary from 
State to State. But it is necessary to evolve a broad approach 
which the various States may find suitable for adoption on a 
long term basis. 

16.6.14- In the prescribed setup of Command Area Development 
Authority, the Administrator fmetions as head of a department o: 
aill the concerned departments within his jurisdiction. The 
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technical staff working under him receive their instructions 
and orders from him and not from their departmental superiors. 

In several States, he writes, the annual character rolls of 
Class I officers of technical departments under him and therefore 
it is he who commands the loyalty of these officers and not 
their departmental superiors. Being thus detached from the 
departmental mainstream the technical personnel deal with the 
various technical problems on their own little guidance from 
the departmental superiors who view them with some indifference 
as belonging to another organisation. With a separate budgetary 
■provision for each command area and with powers vested in the 
Administrator to make inter-disciplinary adjustments, the 
Command Area Development Authority more or less takes the shape 
of a miniature government except for law and order. It is 
burdened with numerous respvonsibllities. The Maharashtra 
pattern.stipulates twentytwo functions as may be seen in 
.^pendix 16.4. 

16,6.15 As more and more area is brought under Command Area 
Development Authorities in a State, the departmental jurisdiction 
there shrinks. This process, by the turn of the century would 
put nearly a third to a half of the total area in some States 
under the authorities unless some of these are abolished in the 
meantime. In such States, the concerned devel-:ipmental 
departments will have suffered a severe setback and their 
normal pattern of administration disrupted. It does, therefore, 
appear that the arrangement for command area development 
through Command Area Development Authorities, expedient though 
as a short term measure may not be quite suitable as a pattern 
for the future. 



16 .6.16 In Chapter .62 on Aiministration, we have stressed the 
need of maintaining a single line of command from the top to the 
field level so that responsibility for action is not diffused. 

.The need of coordinated and concerted action in developmental work 
is, however, recognised. For this reason, we have recommended 
that at the State level the .re should be an Agricultural Production 
Commissioner and at the district level a Chief Agricultural 
Development Officer (CiiDO), The main functions of CADO are to 

be to secure coordination between extension services, supply of 
inputs, credit and marketing and to provide appropriate agri- 
support activities. The departments that he would be directly 
concerned with are Agriculture, Animal Husbandry, Community 
Development or Rural Development, Minor Irrigation, Usheries, 

Farm Forestry and Cooperation. He would <ilSQ liaise with other 
development departments such as Irrigation, PWD, and Slectricity, 
and with panchayati ra.i institutions and other autonomous bodies, 
-private organisations and Institutions in the field of agriculture. 

16.6.17 In a district having some canal irrigation, there would 
..be command area, s'irae area irrigated with groundwater and a 
considerable rainfed area. The proportion of command area and 
the rest would vary from district to district. If the command 
area in the district is to be administered for development 
nurposes by a Goram;ind Area Development Authority .and the rest is 
to be under the purview of CaDO, this -in itself will create a 
problem of coordination in planning, progress reporting, 
evaluation, supply and distribution of inputs and extension work 
for the district as a whole. It would^ therefore, appear 
desirable that CADO should have jurisdiction over the entire 
district Including the command area where there is any. 
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16.6.1b In a corumind area the development work can be 
classified under two categories, namely, (a) formation of land 
to make proper use jf the irrigation suoplies on their becoming 
available, and (b) inputs, services and extension work. The 
first category is a one-time job and on its completion the 
organisation doing the work is replaced by that required for 
maintenance. The measures under the second category are of a 
continuing nature and require a regular continuing arrangement 
comprising governmental and institutional agencies. If the two 
categories are to be under the some ambit, it can only be for 
as long as the work under the first one lists. While the Inputs, 
services and extension work can be s ills far. torily handled by the 
normal departmental or institutional setup, the task of land 
formation requires a specialised organisation that can be 
brought in for the purpose .md which then moves on to another 
command area when one task is completed. In most States such 
3W organisation will need to be a sizeable one, more or less 
comparable to that required for the construction of irrigation 
projects. Unlike construction work on 'rrojects which are 
concentrated in particular locations or in narrow strips, the 
work of land preparation in command areas is widely spread out 
and entails contact with large number of people. It is tedious 
and requires a very efficient and strong organisation. 

16. 6.19 In Section 3 of this chapter we have set down the 
items of work that have to be carried out for land development 
in command area. Land grading and shaping, and construction 
of watercourses, field channels, drains and farm roads are 
tasks which require a degree of engineering skill. In most 



Cases earth moving machines have to be used for land formation 
and these are best operated,and maintained by engineering 
ersonnel. It is of utmost importance that land grading and 
construction of watercourses are done in a precise relation to 
the position of outlets and the level of v/ater the re« Again, 
field drains must be constructed at a level that would ensure 
smooth flow of water to the connectin.g drain and on to the main 
drain. In fact, watercourses and field channels are merely 
extensions of distributaries and manors, and field drajjis that of 
the drainage system to individual fiejds„ Furthermore, the 
progr amm e of land development has to be carefully coordinated with 
that of construction of distributarJ.es and minors. Whenever 
there is change in the target dates of construction, which 
frequently happens, it would necessitate a corresponding change 
in the programme of land development. From the above 
considerations it would be desirable that the work of land 
development should be placed under the purview of the same 
department as is responsible for the construction of irrigation 
works, namely, the Irrigation Departtpent. 

Land Development Corporation 

16.6.20 In the land development operation in a command area, it 
is the land formation which is the i re expensive part of the 
work. Different holdings may requir«.. grading and shaping to 
different extent. It may be stated that in a command area the 
farmers may themselves do this work in part of the area ' :ind 
require assistance for the rest. Each farmer incurs a liability 
commensurate with the amount of work which may be done on his 
holding. In most cases he has to take a loan from an institutional 
source to defray the expenditure incurred on his holding. We 
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have dealt with the financial arrangements for command area 
development further on in this chapter. Suffice it to say that 
because financieil institutions have to provide bulk of the 
amount required for land development, the orgaiiisation has to be 
such as can avail of that source. For this reason, the land 
development work is best entrusted to a Land Development 
Corporation and not to a government department. The Corporation 
should be invested with the necessary authority to adequately 
discharge its factions, To begin with it should borrow 
technical and skilled personnel particularly for its top echelon 
from the Irrigation, ilgriculture and other departments making 
also direct recruitment. Gradually it should have mostly its 
own staff. Agricultural and other engineers which it may recniit 
sh6uld be put through a course of training to specialise for the 
work. At the secretariat level the Corporation should be the 
responsibility of the Irrigation Department. 

6 .6,21'The land 'Developnient fiprporation will need to have its 
own fleet of earthwork machines. The size of the fleet will 
depend on its workload on a continuing basis, It should also 
have a well equipped central workshop for major repairs to the 
iachines and field worksj^ps for maintenance and repairs in the 
Jield. With regular skilled personnel employed for operating 
the machines, an expertise' would get built up for land 
development work. The complete setup comprising men and machines 
can go from one job to another. This arrangement will be much 
more satisfactory than what individual Command Area Development 
Authorities can have as pooling of machine resources by them 
in a State would present difficulties. 
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16.6.22 On some of the projects where command area authorities 
have been set up, the state soil conservation organisation has 
been entrusted with the work of land preparation and special 
training given to the personnel engaged in this work. This 
organisation had originally been set up for taking measures for 
soil and moisture conservation in rainied areas and that should 
remain its main task. 

16 . 6.23 In several States, the agro-industries corporations Jaave 
some earthmoving equipment which is intended for custom service. 
These corporations have several functions and earthmoving can be 
but only one. Land grading and shaping in command areas is such 
a job as requires the fullest attention. The work has to be done 
along with the construction of watercourses, field channels, 
field drains and farm roads as a single operation. For all this 
the agro-industries corporation would not be the best agency, 

16.6.24 In Section 3, wc have already emphasised that 
consolidation of holdings is essential for a proper layout of 
watercourses, field drains, farm roads and the fields'jtloeasdJ/ves}, 
Since the work of consolidation of holdings is inseparable from 
the preparation of a proper layout plan, the main burden of 
consolidation work has to fall on the Land Development 
Corporation, The Corporation should iiave at its disposal special 
staff for the purpose either borrowed from the Revenue Department 
or specially trained for the purpose. These have to be people 
who are good at public relations and are persuasive enough to 
carry conviction with the large number of farmers regarding the 
benefit of command area development, of which consolidation of 
landholdings is on important element. There should be a legal 



provision that once it is declared that in a coimnand area land 
formation operations are to he taken up, consolidation of 
landholdings should become obligatory. In carrying out this 
work, while it should be permissible to enforce consolidation 
of holdings, an attempt should be made to carry public opinion 
with it. Farmers' committees or associations set up in the 
villages can help a great deal in resolving most of the 
disagreements which might be amongst the landholders in respect 
of consolidation of holdings. After the consolidation of 
holdings is finalised by the Land Development Corporation, the 
papers should be handed over to the Revenue Department for 
legalising the adjustments. It would be a satisfactory 
arrangement if a revenue official dealing with consolidation of 
holdings is attached to the Corporation for the duration of the 
land development operations. Consolidation of holdings -can get 
delayed if the revenue record of landholdings is not uptodate. 

In such cases, it would be advisable to deploy special revenue 
staff well in advance of the land development activities so that 
the record is brought uptodate before the work starts, 

16. 6.25 When the Land Development Corporation is engaged in 
land formation in any part of a comman’ area, there is 
considerable dislocation in the normal farming activities there. 
During this period, which may be two to three years, interim 
cropping patterns may have to be adopted and Special arrangements 
made for the supply of seeds and other inputs. Also the altered 
farming activities have to be coordinated with the programme 
of landi formation, which in turn hiS to be in step with the 
construction programme of irrigation works. The problems which 
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thus emerge require concentrated attention, which the normal ■ 
organisation in the district may not he able to give adequately. 

It is, therefore, important that during this transition period, 
a senior technical officer should be placed in overall charge of 
the various activitiGs. He can be named Project Development 
Officer and should have adequate supporting staff. As soon as 
the land development operation in any block in the command area 
is completed, the block should revert to the normal organisational 
arrangements In the district, each department attending to the 
functions that pertain to it and the various activities 
cooriinated at the district level by 
Preparation of Haps 

16.6.26 Earlier in Section 3, we have expressed the view that 
available village maps not being accurate enough for purposes of 
land formation, fresh maps have to be prepared in most cases. 

For keeping pace with the command area development programme, 
maps of an area of about a million hectare will need to be 
prepared every year. In fact, allowing for extra peripheral area 
that would be required to be mapped, the task would be even 
larger. Considering the magnitude of land preparation work, the 
most sophisticated techniques of mapping will need to be adopted 
from ‘consideration of speed of work,accuracy and cost, jJerial 
photography would be a major element in this task,. liitherto the 
work of preparing maps for command, area has mostly been entrusted 
to the Survey of India.' The Survey of India in turn has been 
getting aerial photographs token by a private company located at 
Calcutta. The company has its own planes. It has been supplied 
with a special camera by the Survey of India and is able to 
uhotograbh about 4 Hha in a working season of 130 to 150 days 
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frjm October tj March. In the renaining perio^' of the year, it 
utilises its planes for geomagnetic work, spraying pesticides 
and for purposes of dropping supplies in the north-east region. 
Another company located at Bombay, does not at present do aeriail 
photography and is mostly engaged in agricultural spraying. 

Given a camera this company can also carry out aerial photography. 
There is, thus, adequate potential available in the country for 
carrying out aerial photography for preparing maps for command 
area development. The present capacity for preparing maps by 
photogramatic process however is limited to about 50,000 hectares 
per annum. This will need to be augmented. 

16.6.27 If the work of command area development is to progress 
smoothly and uninterruptedly, then there must be a steady supply 
of maps for the purpose. Although the Survey of India has been 
preparing maps for many command areas in the past, yet this has 
not been its main responsibility, ^art from its normal work, 
it gets entrusted with priority tasks for Defence Department and 
for priority exploratory work. Whenever it undertakes these 
urgent assignments, other work tends to slip. In view of this 
and considering the large mapping programme which will have to 
be undertaken for command area development, it would seem 
advisable to have a separate Land Survey and Mapping 
Corporation for the purpose under the same Ministry as 
administers the Survey of India. This Corporation can initially 
draw some of the required personnel from the Survey of India 
andt Indian Photo-Interpretation Institute, Dehra Dun, whioh 
have the requisite expertise in the matter. ALtematively 
a separate wing may be created in the Survey of India itself 
for the purpose and might be called the Command Area Mapping 
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might be pointed out that the ^tr laurvey 'CojifiahleB 
onlyjprovlc.e atrial photographs. The rest of the steps 
required for producing finished maps have hitherto been taken 
by the Survey of India, Land Survey and Mapping 

Corporation or the Command Area Mapping Wlngj when set up| 
would also arrange for ground control w^rk and detailed 
levelling which are necessary for preparing accurate contour 
maps from aerial photographs. 

16.6.28 For command area development, It would not be 
necessary to have printed maps- to work on. These maps arc 
required only for the purpose of preparing the layout for 
land development. After this development has taken plaqe, 

the maps would be completely out of date. Therefore, it would 
be sufficient to have a few copies of azoprlnts made from 
maps drawn on transparent paper. These maps would be useful 
In preparing revised village maps which for purp )ses of 
field use are normally drawn on cloth sheet. With this 
arrangement, the cost of printing maps which Is substantial 
will be avoided, 

16.6.29 Aerial photographs and most of the maps are at 
present treated as restricted materi .1 for security reasons 
and as such are not available freely even to government 
departments for planning developmental work. This has been 
hampering progress. In 1971 and 1972, this matter was taken 
up by the Planning Commission with the Survey of India and 
the Defence Department on behalf of other development 
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departments which normally require these maps, but so far 
no tangible results have emerged from these discussions. 

If the developmental work is not to be unduly hampered, 
then it is necessary that those restrictions should be 
relaxed to the maximum extent feasible. 

16 . 6.30 In Section 4 of this chapter we have emphasised 
that simultaneously with the investigation of an 
irrigation project, investigations sho\ild be started 

in other fields of development in the command area of the 
project, such as agriculture, animal husbandry, fisheries, 
etc. In order that the preparation of the project report 
is not delayed, it would appear necessary to have a 
planning cell in each of the concerned departments at 
the State headquarters, which would devote sustained 
attention to formulation of proposals in respect of 
command areas, 

16 . 6.31 On some of the projects it may be found that 
because of sparse population, there is not enough 
manpower to meet the requirements of irrigated farming 
in the command area. As indicated in paragraph 16,*+.11, 
the Department of Agriculture will have made an 
assessment of manpower requirements and its adequacy. 

Where the situation reveals that more people have to 

be brought in from outside and settled in the command 
area, a proper organisation for the purpose under the 
Revenue Department should be set up. The settlement of 
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these people, should he planned well in advance and coordinated 
with the programme of command area development. 



7 ECONCMICS AND FINA^JCI^IG 


16.7.1 For command area development there are four sources 
of finance depending upon the nature of requirement. These 
are; Central Government, state Governments, institutional 
agencies and farmers' own resources. The assistance from the 
Central and State Governments is in the foiin of subsidies for 
aoproved programmes to certain categories of farmers such as 
small and marginal farmers, as also for certain specific items 
of development, in the Fourth Plan pro*/ision was made in the 
Central sector for the development of markets, storage 
facilities and communications in the cormand areas of some 
large irrigation projects. But it is the developmental 
requirements in the command of an outlet and his own agricultural 
needs which are of personal concern to a farmer. For these 

he has to look to institutional sources of finance. 

Credit to Farmers 

16.7.2 The farmer requires credit for ,a variety of 
purposes: a long term credit for land dcvelopn.ent, farm 
mechanisation, and private exoloitation of groundwater for 
supplementing canal supplies where necessary and feasible; 
medium term loans for purchasing additional draught animals 
for intensive irrigated cropping and for any subsidiary 
occupation such as poultry farming, animal husbandry, fisheries, 
etc,; and short term loans for quality seeds, fertilisers and 
pesticides. Altogether these requirements ad:' up to a 
sizable amount, in undertaking to make an investment on any 

of those items, the farmer has to feel fully convinced of 
its worthwhilencss, He has to make sure not only that the 
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return from the investment would enable him to liquidate the loan 
within the stipulated period but would also give him some immediate 
benefit. Only then he would be motivated to invest. 

16,7,3 IVe have dealt with in an earlier section the various 
elements of land development in a command area. Three distinct 
categories of expenditure can be identified in developing the 
area commanded by an outlet. There, expenditure on a certain 
length of watercourses is chargeable to the irrigation project 
and therefore does not impose a burden on the farmer. All other 
items of land development excluding land grading and smoothening 
can be classed as common facilities and the expenditure on them 
shared by the farmers on pro rata basis. It is land grading and 
smoothening where the cost per hectare would vary from holding "to 
holding which would concern individual farmer. This elcanent of cost 

would be subjected to the most careful scrutiny by him. Any ’ 
proposal in this respect would need to carry conviction with him 
as to its worthwhileness. In preparing the layout plan for the 
development of an area commanded by an outlet, therefore, the 
economics of the various items should be carefully considered. 

Some of the items are obligatory and have to be carried out. 

For example, watercourses and field channels must be provided 
if the fields are to be irrigated. But there are items for which 
justification has to be given. For instance, in a low rainfall 
area the need for field drains can be debatable. Again if the 
land slope in a holding is excessive, it becomes a matter for 
consideration whether to make a heavy investment in grading 
it to a reasonable slope or exclude it from the irrigable 


area. 
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16.7.4 Although the necossixy of proper development of land 
in command area is generally acceoted, in actual practice this 
requirement has remained neglected* Among the reasons for 
this neglect might be mentioned the paucity of technical 
knowh'oW, an incomplete under '.tanding ox the economic benefit 
of land formation and lack of financial resources with the 
farmers for undertaking the task wnich required considerable 
effort or investment." The farmer fully understands the need 
for even spread of irrigation v.accr on nis field but is not 
fully aware of the extent of benefit teat accrues from it. 
Proper levelling of land can save 15 to 20 per cent of water 
which can be utilised for irrigating more area. Also it 
enables excessive rain or irrigation water being drained out 
viithout "causing soil erosion, in the absence of land levelling 
irrigation wator is_ misused through excessive irrigation or 
uneven spread on the field. That may lead to waterlogging 

or salinity problems and an uneven stand of the crop with 
consequent low yield. 

Pilot Studies in water Management 

16.7.5 in order to evaluate demonstrate the benefits 

of efficient water managem.ent techniques involving land 
levelling, the Ministry of Agriculture^ undertook more than 
a‘score of pilot prgjects in the commands of some of the 
major and medium projects in a number of states. The 
preliminary data obtained in the last few years from, the 
projects in opoxation at Bellary in Karnataka, DOhrighat 

in Uttar Pradesh, Patiala in Punjab and more recently Tawa 
Project in .Madhya Pradesh have been analysed with a view to 


1 Now Ministry of Agriculture and Irtigation. 
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ascertaining the economics of land formation under different soil 
and land conditions. In each project, the land formation 
operation was carried out on a number of holdings and an average 
figure obtained. The results, given in Table 16.3, though not 
definitive are indicative enough beyond doubt that in most 
situations land formation confers considerable economic benefit. 

Table l6,3 

Benefit Cost Ratio of Land 
Formation Work in Selected 
Command Areas'^ 


State 

Location 

Typo of 
soil 

Slop 

PQr 

ini¬ 

tial 

e Average BC 

Cent cost Ratio 

final per ha 
(fe) 

Year 

Karnataka 

Bellary 

black 

1.0 

0.1 

.769 

1.0 to 

1.0 

1971 



cotton 







Dttar 

Dohri- 

alluvial 

0.6 

0.0 

182 

4.5 to 

1.0 

1972-73 

Pradesh 

ghat 








Madhya 

Tav/a 

black 






1972-73 

Pradesh 

Project 






• 



Sawalkh eda 


0.9 

0.2 

2,134 

3.5 to 

1,0 



Risalpur 


1.0 

0.2 

1,956 

3.2 to 

1.0 


Punjab 

Patiala 

alluvial 






1970-71 




0.5 

0.1 

308 

4,0 to 

1.0 





1,0 

0.1 

519 

3.4 to 

1.0 





1.5 

0.1 

718 

3,0 to 

1.0 





1.0 

0.2 

471 

3,5 to 

1.0 





2.0 

0.2 

873 

2.8 to 

1.0 





3.0 

0.2 

1,276 

2.3 to 

1.0 





6.0 

0.3 

2,447 

4.9 to 

1.0 





9.0 

0.3 

3,657 

3,7 to 

1.0 



1 Pillai P N B and Roge N D - 1974 - 

Economics of Land Levelling in Irrigation 
Commands - A Preliminary Study 
Water Management Division, Ministry of 
Agriculture and Irrigation, New Delhi, 


16.7.6 The cost of Ian:’ formation, as Table 16.3 reveals, 
is not directly proportional to the slope of land. It depends 
on several other factors such as the type of soil, the 
undulating nature of the land, field sizes, the type and 
efficiency of machinery and equipment used and above all the 
experience and efficiency of the persons carrying out the work. 
where the soils are easy to move such as alluvial soils and 
slopes are none too steep thereby requiring less amount of work, 
it may be within the capacity of an individual farmer to himself 
carry out land formation of his holding or part of it. This 
should be encouraged provided he conforms to the layout plan 
and design prepared for the command bf the outlet, 

16.7.7 We have suggested earlier in this chapter that the 

entire work of land development in a command area should bo 

entrusted to Land Development Corporation to be set up for the 

* 

purpose. The Corporation would carry out the work on behalf 
and at the cost of the farmers, allowing for any subsidy which 
the Centre or state may give for the purpose. The Corporation 
thus has to have some funds of its own for equioping itself with 
the necessary equipment and machinery and for meeting the 
organisational expenses. For dealing with one lakh hectare 
per annum its share capital may be of the order of Rs.2 crores 
and its working capital Rs.b to 8 crores. The funds for 
carrying out the work have to come from institutional sources 
as long term loans to individual farmers passed .on to the 
Corporation for the ourpose. 

Financing by Farmers* Service Societies 

16.7.8 The financial institutions from which a farmer 
may secure credit are a primary cooperative credit society, 
a multipurpose cooperative society, a farmers* service 
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society (FSS)> a primary cooperative land development bank, a 
branch of state land development bank or a branch of a 
commercial bank. The farmers* service societies are being set 
up to provide integrated agricultural credit service primarily 
to the small and marginal f armers and agricultural labourers, 
considering its relatively meagre resources the FSS will need to 
be provided with sufficient credit to enable them to cater also 
to the requirements of the farmers for land development in 
command areas. The role of cooperative banks in the agricultural 
sphere has been confined to providing short and medium term 
credits and it would be beyond their capacity to cope with the 
long term requirements of land development. The commercial banks 
have taken increasing interest in the agricultural sector since 
nationalisation of major banks. They have been providing both 
short term and long term loans to farmers. The banking system, 
especially the commerciel banks, have been keen to ensure that 
both the long and short term credits are Provided to an individual 
farm.er by one and the same institution. This is necessary as it 
saves the borrower frctn having to deal with more than one 
financing agency and also facilitates suoervision of credit and 
recovery of loan instalments. It also eliminates the risk of 
double financing for the same purpose, 

16,7.9 The credit requirement in command areas is large and 
is much more than what in normal circumstances commercial 
banks are expected to orovide to farmers. A command area of 
a project may extend over more than one district. Also where 
the command is large, it may be more than one commercial bank 
which may have to provide credit facilities for development. 

These banks, in turn, will have to be given special additional 
loans to meet the credit requirements for command area 
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development. The Agricultural Refinance Corporation (aRC)^ 
has been playing ae increasingly important role in refinancing 
loans given by cooperative land development banks and commercial 
banks for agricultural develooment. As the emphasis of the ARC 
has been on area development, the command area development 
programmes are oxaocted to figure prominently in the refinancing 
oortfolio of the Corporation. In fact, the success of the 
development programmes in these areas will largely depend on 
the extent to which the ARC is able to meet its requirements. 

16.7.10 We have drawn attention to the importance of a farmer 
obtaining his credit requirements both short and long term 
from a single source. This is particularly important where 
small and marginal f armors are concerned. This section of the 
community remained handicapped in securing its requirements 
and it is for this reason that the setting up of farm'rs* 
service societies was prooosed. In command areas, by and large, 
about a quarter of the area pertains to small and marginal 
farmers. It would be desirable if these people get their 
total credit requirements, including long term credit fQj. 

land levelling from FSS. 

16.7.11 On preparing the layout plan for a command area, 
the Land Development Corporation would estimate the cost, 
of land formation for each holding. Adding the share of 
cost of cornnon facilities such as field channels, field 
drains and farm roads, the Corporation would prepare a list 
of credit requirement of each farmer in the command area. 


1 Now Agricultural Refinance and Development Corporation 
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On thG basis of this requirement, it should aoproach a commercial 
bank for accommodation possibly to the extent of 50 per cent of 
the total requirement to enable it to get on with actual work 
in the field, while the full credit requirement i's being examined 
by the bank. While the amount would be debited to the FSS# i't 
will actually be made over to the Land Development Corporation, 

This arrangement would avoid, delay in starting field work. On 
completion of the work necessary adjustments in the credit account 
of each farm r be made. The amount advanced to the Corporation 
by the commercial banks would thus get finally debited to the 
farmers' accounts and the Corporation cleared of its loan liability 
to the banks, 

16,7.12 Much of the land development work on the field has to be 
carried out soon after the rainy season when normally the fields 
should be under rabi crops. Since the farmer will not be able to 
grow the crop he will have to bo given a sustenance loan on an’ 
ad hoc basis. This amount would be an item of cost and therefore a 
part of the long term loan repayable by instalments. Confining the 
work''to' a limited period when there is no crop on the field 
would increase the cost of work due to higher overhead cost and 
longer idle period of machinery and equipment. It is suggested 
that an attempt should be made to carry out work in the field 
for the maximum number of days in a year, even by giving 
sustenance loans. During such operation "periods the idl^ time 
of farmers can be used for unskilled work to the extent they 
may be willing to do the work. This would arovide employment 
and relief to them. 





Long Terra Credit 

16.7.13 Long terra loans for c:jmmand area development have to 
be advanced against mortgage of land or under Government 
guarantee where there is no viable asset. It is therefore 
necessary that the farmer’s title to land should be clear. 

It is not always so. Tb.crefore, well before taking up of 
command area development in a oroject area, it becomes important 
that the land records are brought uptodate. After that has been 
done and consolidation operations begun, all tenants including 
share croppers should be identified, their rights recorded and 
permanent and heritable rights conferred on them. They v;ouId then 
beconje entitled to long term credit for improvement of land. 

Even before the consolidation of holdings is undertaken, it 

* • 

would be necessary to enforce the land ceiling law so that the 
allottees of surplus land become’resoonsible for its development 

and entitled to credit for the puroose. But where land ceilings 

• • 

cannot be enforced immediately, the loans can be given to the 
present owner of the land with the proviso that liability for 
the loan would be fully transferred to the new allottee to the 
extent it pertains to the allotted land. 

16.7.14 Some lands' arc cultivated on the basis of crop 
sharing. Tenancy laws mostly stipulate 75 per cent share of 
the produce to a sharecropper if he bears all current 
expenditure. If a loan is advanced for land formation, both 
the parties should share repayment. But unless the loan 
stands in the name of the sharecropper also recovery from 

him would not be in order. This creates a problem. One way 
of getting round the difficulty would be that the entire 
loan should be in the name of the landowner but in the 
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arrangement for crop sharing, he should be entitled to recover 
annually a stioulated amount from tho recorded sharecropper 
towards payment of his share of loan. The arrangement will 
need to be legalised. 

16.7,15 For purposes of entitlement t.‘ long term credit, the 
farmers may be divided into the following categories; 

i) clear title ,, willing to take loan to the 

full extent. 

ii) clear title .. already in debt but willing 

to take loan to the full 
extent on an extended perio: 
of repayment. 

iii) clear title ., unwilling to take a loan, 

iv) title not clear .. willing to take a loan and 

having the caoacity to repa^ 

v) title not clear ., unwilling to take a loan. 

Majority of the farmers would fall in category (i). There shoul 
be no problem in their securing long term credit from the bank. 

In tho Case of category (ii), the bank should determine the 
paying capacity of tho farmer over a longer oeriod than normal 
and should try to meet the requirement. There may be a small 
number of farmers in categories (iii) and (v) who may not give 
their consent for various reasons. Since no part of irrigable 
land in a command area can be left out of development operation, 
the Government should provide the necessary funds for completing 
this work and recover tho amount as srrears Of" land revenue, in 
reasonable instalments. As regards category (iv), such .farmers may be 
allowed credit for the purpose under a Government guarantee, 

16,7,16 Before a bank agrees to provide credit for land 
development in a command area, it has to satisfy itself 
as to the technical and economic soundness of the proposal 



and the repayment capacity of the loanee. In turn, the bank 
has to' satisfy the ARC for refinancing the loan advances. 

The ARC would, therefore, want to carry out-a further 
examination of the technical and economic feasibility of the 
proposal. It would save time and effort if a land development 
proposal which a Land Development Corporation sponsors is 
technically and economically examined to the extent really 
necessary only by the ARC. The concerned bank can then advancf 
the credit on ARC'S certification. After all it is the ARC 
v^iich has ultimately to orovide finance to the bank for this 
purpose. It would be desirable to aopoint a representative 
of the ARC on the Board of Directors of the Land Development 
Corporation in the State. This.would build up a better rappor 
between the ARC and the Land Development Corporation and would 
facilitate processing of schemes for loans, 

16,7,17 In the Fourth Plan, an outlay of Rs.38 crores was ' 
Provided for command area development. This amount was 
intended to bo utilised on construction of village roads, 
development of markets and arranging .demonstration on 14 
selected major and medium irrigation projects. The actual 
expenditure was substantially less. In the Draft Fifth Plan, 
a provision of Rs.2l6 crores has been Proposed for command 
area development to be shared between the Centre and the 
States, This outlay has been provided to meet the cost 
of establishing Command Area Development Authorities and the 
constitution of a Water Iftilization and Command Area 
Development Department at State level where the volume of 
work justifies the creation of a wholetime department. 

The outlay would also meet the cost of soil surveys, 
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preparation of topographic and contour maps and supervision 
charges. The equity capital suoport t •• Land Development 
Corporations, farmers' service societies, etc. is also 
required to be met from this outlay. VVhile this should meet 
the financial requirements for organisational purposes, it 
does not cater for the actual land development work in the 
command areas. That has to be met from institutional sources. 
Currently not much is being spent on actual land development, 
the pace being of the order of Rs. one crore per annum. By 
1980, the pace of development should reach one million hectare 
per annum requiring term credit of the .order of Rs,120 to 150 
crores per annum from institutional sources. The requirement 
of short and medium term credit to the farmers for making full 
use of the irrigation facilities would be in addition. About 
a quarter of the amount would pertain to small and marginal 
farmers. They would be entitled to the prescribed subsidy. 
That may amount to rs. 8 to 10 crores per annum. This will 
need to be provided from plan resc'urces. On the basis of 
constant prices, the requirement of long term credit would 
Rs.170 to 210 crores per annum by 1985. The subsidy element 
will also increase in proportion. 

16.7.18 We wish to particularly emphasise that the full 
requirement of finance for command area development from 
institutional sources along with the contribution from 
governmental sources to the extent it is required to be 
provided, must be made available to maintain the stipulated 
pace of development. Any shortfall in this respect would 
result in corresoonding nonutilisation of irrigation potential 
and to that extent the investment in creating the potential 
would be idle. 
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16.7.19 Simultaneously with the taking up of an irrigation 
project it will be necessary for the commercial banks in the 
area to strengthen themselxtes to cope with the large credit 
reQuirements for command area development. In a command area 
there may be more than one such bank that may be concerned. 

Thus the strengthening of these banks, possibly by opening more 
branches, and having larger caoital at their disposal will need 
to be coordinated with the construction of an irrigation project. 
It is also necessary that the FSS should be established in these 
districts well in advance so that they are wall organised by 

the time demand on them arises in respect of command area 
development. All farmers in the command area Should be persuaded 
to join FSS. the recalcitrants should be eligible for loans 

from other sources but on stiffer terms than those offered by 

« 

FSS. 

• » 

16.7.20 AS stated in the earlier part of this chapter, a 
number of command area development authorities have already been 
established and development work has been taken up in the field 
under their aegis, For the future we have suggested that the 
land development work should be entrusted to Land Development 
Corporations, The financial policies and arrangements which 

we have discussed in the present section would be equally 
applicable with some modifications to the existing command 
area authority pattern of organisation. 



8 OTHER MEASURES 


16.8.1 Although broad crooping patterns are determined 
for formulating an irrigation project, it is necessary tha^ 
adaptive resorrch should be carried out to determine more 
precisely the cropping patterns which would be suitable 

in the various parts of the command area. Also the varieties 
of an individual crop which would be most suitable from 
consideration of sowing and harvesting time, yield and 
diasease resistance have to bo found out. For all this, 
experimental farms have to bo established in the area well 
before irrigation supplies become available in the command 
area, 

16.8.2 The results obtained from experimental farms have 
to be demonstrated to farmers so that they may feel convinced 
and adopt the recommended cropping patterns and varieties;-, 

A fairly large number of demonstration farms need to be 
established. These can be organised as irrigation water 
becomes available, 

16.8.3 Vi/herc farmers are not familiar with irrigated 
farming, they have to be given some training in water 
management, appropriate tillage practices, raising of. 
irrigated crops and the use of fertilisers and pesticides. 
This training can begin with the more progressive farmers,' 
They would, then, disseminate their knowledge to oth-.r 
farmers by actually practising the new techniques of 
irrigated agriculture. The training course can cover a 
wide canvas and may include training of womenfol'k i® 

the more efficient way of carrying out work which they 
have to do in farming. 
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16,8.4 On an irrigation system, best crop production can 
only, be obtained by an efficient and judicious use of 
irrigation suoplics. This docs not always happen. For 
instance, on a number of irrigation projects, farmers, not 
fully appreciating the value of water, allow it to run to 
waste during night, where there are large blocks of rice 
fields and irrigation is done from field to field, an 
outlet left open at night does not necessarily waste water. 
But in light irrigated crops if there is accumulation of 
water in a field from an outlet left open at night, there 
can bo serious damage, apart from wastage of water provided 
at considerable project cost. It has to bo appreciated 
that no canal system can bo so regulated that it would 
supply water only during the day and not at night, 

'horefore, one way of making sure that farmers would 
atiliSG irrigation suoplies during night also would be to 
.ntroducG the system of 'warabandi’ as widely practised 
.n the northern States of Punjab, Haryana, Uttar Pradosh 
md Rajasthan, In this system, rosters allocating hours 
and days during which different farmers under the 
outlet are permitted to draw water are fixed. If a 
farmer does not utilise the irrigation supolies during 
his turn, his turn in that particular roster lapses. 
Generally in a ’V/arabandi’ two rosters A and B are 
prepared with a time shift of 12 hours. The rosters 
are operated alternately so that a farmer who gets his 
turn at night in roster 'A' gets his turn during the 
day in roster 'B'. 'Warabandi' not only ensures that 
farmers who aro desirous of making use of irrigation 



supolios do so even during the night, but also protects 
the interest of the weaker farmers who without a 
’Worabandi* may be deprived of their due share of 
supplies during a period of keen demand. If a farmer 
violates 'Warabandi', under the Canal and Drainage Act 
of Northern India, he is liable to a fine or imprisonment 
or both. 



9 SUMMARY OF RECOf.tCNDATIOr'S 


16,9,1 Ihe reconunendations given below are 

not comprehensive. Only tlie more important ones are 

stated here for special notice. 


1. All the steos necessary for develooment of land in a 
command area have to be taken together in an integrated manner. 
These comprise 

i) layout of plots and of common facilities like 

water courses, field channels, drains & farm road 

ii) consolidotion of farmer’s scattered plots into' 
one or two operational holdings; 

iii) construction of watercourses and field channels; 

iv) construction of field drains where necessary 
and linking them 'v/ith connecting drains; 

v) provision of farm roads; and 

vi) land formation to suitable slopes, 

.(Paragraohs 16.3,2 and 16,3.21) 

2. For the layout of fields and other facilities the 
contour method of layout is recommended, 

(Paragraph 16,3.22) 

3. The maos for land development in tVie command area 
should be on a scale of 1:2,500 or 1:4,000 with 10 cm contour 
intervals 

(Paragraoh 16,3,3) 

4. Land Preoaration for irrigation on steeper slopes 
becomes expensive and. in areas with natural slopes exceeding 
10 per cent it may cost so much as to make introduction of 
irrigation uneconomical. 


(Paragraoh 16.3,12) 



5, It is desirable that small holdings should be grouped 
in a Contiguous area near the oeriphery of the village. Within 
the command of an outlet, the smaller holdings should be 
located at the beginning of the watercourse and t’ e larger 
ones farther away. This will facilitate equitable distribution 
of water to the small holdings, 

(Paragraph 16,3,19) 

6, Once approval of government is accorded to the 
preparation of a project report, the Irrigation Department 
should immediately notify other concerned departments of this 
approval, and giving an outline of the project, advise them 
to take up investigation of the items which pertain to them. 
These concerned departments should prepare their own estimates 
for any field investigation which they may need to carry 

out and obtain the necessary sanction and funds through 
their own departmental channels, 

(Paragraoh 16,4,2) 

T, An irrigation oroject report should be prepared in 

three parts, besides the general reoort as under 

Part I - all engineering works from source of supply 
UD to outlets, including drains. 

Part II - all engineering works in the command area 
comprising land levelling and shaping, 
construction of v^/atercourses, lined or 
unlinod, field channels, field drains and 
farm roads. 

Part III - all other items pertaining to agriculture, 
animal husbandry, forestry, fishery, 
communications and co-operation, 

(Paragraph 16.4,1) 

8, The general report and Part I and II of the project 
report should be prepared by the Irrigation Department, As 
the Work involved in Part II of the report is not being 
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handled by the Irrigation Department at present, that depart^ient 
should organise a special set uo for the puroose for which 
agricultural engineers should also be inducted into the 
deoartment. The personnel should be given the necessary 
training,) The Part III of tlie report should be prepared by 
the concerned deoartments and sent to the Irrigation Department 
for compilation. The Irrigation Department should then submit 
the complete'report comprising all the parts for sanction to 
the appropriate authority. 

(Paragraph 16,4.3) 

9, In Part III of the reoort, the Agriculture Department 
should deal with tillage practices, cropping pattern, production 
of seeds and their distribution, requirement and distribution 

of fertilisers and manures, soil testing, plant diseases and 
distribution of pesticides, role-of agro-industries, extension 
services, horticulture, transoortation, storage and marketing 
and credit facilities, 

(Paragraph 16.4.1i) 

10, The Animal Husbandry Department should deal with the 
requirement of livestock, fodder and feed, the dairy development, 
arrangements for processing and marketing and extension services, 

(Paragraoh 16,4,12) 

11, The Forest Deoartment should indicate the proposals 
for farm forestry, raising of grasses, arrangement for nurseries 
and extension organisation. The scheme for irrigated forest 
plantation may also be included. 

(Paragraph 15.4.13) 

12, The Fisheries Department should be consulted in 
respect of the extent to which reservoir area should be cleared 
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of trees and scrub, the structures to he provided in the 
interest of fishery and the minimum flows that may be required 
from the reservoir for riverine fishery. These matters should 
be included in Part I of the reoort. In Part III they should 
deal with the arrangements for fishery in the reservoir, setting 
up of seed fish, farms, the scope and proposals for pond and 
tank fisheries in the command areas, leasing policy, credit 
facilities, and marketing and processing arrangements, 

(Paragraph Ij.4.14) 

13, Land formation work should be taken in hand 
concurrently with the construction of irrigation channels, 

(Paragraph 16,5,2) 

14, At present, command area awaiting land formation 
work is of the o-rder of 10 Mha, including that where irrigation 
suoolifts would become available in the next two to three years, 
Land formation work would need to be completed in about 30 Mha 
by the year 2000. 

(Paragraoh 16,5,3) 

15, The problems pertaining to organisation and finance 
in command area development should be given immediate and 
serious attention, 

(Paragraoh 16,5,4) 

16, Proper land fortr^ntion is cquially‘imoortant in the 
commands of minor irrigation orojocts. By the turn the 
century there v/ould be about 9 M'.a that would have required 
action. In the case of groundwater, the sinking of tubewell 
and the land development in its command should be a single 
composite work to be carried out simultaneously, 

(Paragraph 16.5,5) 



17, It would he desirable that the work of land 
development should be placed under the purview of the 
same department as is responsible for the construction of 
irrigation works, namely, the Irrigation Deoartment, 

(Paragraph 16.6.19) 

10, The land development works should be entrusted to 
Land Development Corporation. The Corooration should be 
invested with the necessary authority to enable it to adequately 
discharge its functions. To begin with it should borrow 
technical and skilled personnel particularly for its top 
echelon from the Irrigation, Agriculture and other departments 
making also direct recruitment. Gradually it should have mostly 
its own staff. Agricultural and other engineers which it may 
recruit should bo put through a course of training to specialise 
for the work. At the secretariat level the corporation should 
be the responsibility of the Irrigation Department, 

(Paragraph J6,6,20) 

19, In some States the agro-industries corporations have 
taken up the land levelling work. Since the work has to be 
done along with the construction of watercourses, field drains 
and farni„'"oads as a single operation, the agro-industries 
Corporation is not the best agency for this work, 

(Paragraoh 1 6.6,23) 

20, There should be a legal provision that once it is 
declared that in a command area land formation operations are 
to be taken up consolidation of holdings would be obligatory. 

It would be desirable to deoloy special revenue s'-aff well in 
advance of the land development activities to bring land 
records up-to-date before actual start of work, ^ 

(Paragraphs 16.6.24 and 16,7.13) 
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21« During the period the Land Development Corporation 
is engaged in Land formation in a command area, there should 
be a Project Development Officer in overall charge so that the 
requirements of farmers during the transition period receive 
concentrated attention and the various activities in the 
command area get properly coordinated, 

(Paragraph 16,6,25) 

22, Considering the magnitude of the land formation v/ork 
to be undertaken the most sophisticated techniques of maoping 
will need to be adopted from consideration of soeed of work, 
accuracy and cost. It would be advisable to have a separate 
Land Survey and Mapping Corporation or a separate Command 
Area Mapping Wing under the same Ministry as administers the 
Survey of India, for the purpose. This organisation would 
also arrange for ground control work and d'-.tailed levelling 
necessary for preparing accurate contour maps from ohotographs. 
This Corporation or the ' ing can initially draw some of the 
required personnel from the Juwey of India and Indian 
Photo-Interpretation Institute Dehradun. 

(Paragraohs 16,6,26 and 16,6,27) 

• Aerial photograohs and most of the maps are at 
present treated as restricted material for security reasons 
and as such are not available freely even to government 
departments for planning developmental work. If tae developmental 
work is not to be unduly hampered, then it is necessary 
that these restrictions should be relaxed to the maximum 
extent feasible. 


24, 

project 


(Paragraph 16,6.29) 

In order that the preparation of the irrigation 
report is not delayed, it Would be necessary to 
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have a planning cell at State headquarters in each of the 
concerned departments dealing with other fields of development 
such as agriculture, animal husbandry, fisheries, forests, 

t 

cooperative etc. which would devote sustained attention to 
formulation of proposals in respect of command areas, 

(Paragraph J6,6.30) 

25. The Land Develooment Corooration would carry out Land 
formation work on behalf and at the cost of the farmers, allowing 
for any subsidy which the Centre or the State may give for 

the purpose. The Corporation would require some funds of its 
own for equipping itself with the necessary equipment and 
machinery and for meeting the organisational expenses. The 
funds required for actual work have to come from institutional 
sources as long term loan to individual farmer passed on to 
the Corporation for the puroose, 

(Paragraoh 16,7,7) 

26. The farmer should be enabled to o'd:ain all his loan 
requirements, short, medium and long terms, from one and the same 
institution. This is particularly important where small and 
marginal farmers are concerned. As such the setting up of 
farmers’ service societies should be given priority in the 
command areas. 

(Paragraphs 16,7,8 and 16.7.10) 

27. The Land Development Corporation should be given an 
accommodation to the extent of 50^ of the total requirement to 
enable it to get on with the actual work in the field after 
the plans for a particular area have been drawn-up, while the 
full credit requirement is teing examined by the bank. On 
completion of the work necessary adjustments in the credit 



2^0 

account of each'farmer should bo made. The amount advanced 
to the Corporation would thus get finally debited to the 
farmers' account and the Corporation cleared of its loan 
liability to the bank', 

(Paragraoh 16.7,ll) 

28, Every attempt should be made to carry out the v/ork 
in the field for the maximum number of days in a year even 
by giving sustenance loans to farmers on their having to miss 
a crop in t he process. During land foimation operation the 
idle time of farmers can be used for non-skilled work to the 
extent they be willing to do the work. This would provide 
employment and relief to them. 

(Paragraph 16,7.12) 

29. Even before the consolidation of holdings is undertaken, 
it would be necessary to enforce the land ceiling law so that the 
allottees of surplus land become entitled tp credit. But where 
land ceiling cannot bpi^nforced immediately the loan'can be 

given to the present owner with the proviso that liability 
for the loan would be transferred to the’ new allottee to 
the extent it pertains to the allotted land, 

(Paragraph 16,7.13) 

30, In the case of sharecropper the entire loan should 
be in the name of the landowner. But in the arrangement for 
crop sharing, he should be entitled to recover annud'lly a 
stipulated amount from the recorded sharecropper towards 
payment of his shore of loan. This arrangement should be 
legalised, 

(Paragraph 16.7,14) 

31. Since no part of the irrigable land in the command 
area can be left out of the development operation, Government 
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should provide the necessary funds for completing this work 
and recover the amount as arrears of land revenue in a reasonable 
instalments in the case of those farmers who are unv/illing to 
take a'loan. In the case of farmers whose title is not clear 
but who are willing to take a loan and have the capacity to 
repay, the credit should be allowed by the financial institution 
under a Government guarantee, 

(Paragraoh 16.7.15) 

32, Since it is the AFIC which has ultimately to provide 
finance to the bank or the cooperative societies for la 
development work, it would be desirabld to appoint a 
representative ,of the AUC an the Board of Directors of the State 
Land Development Corooration. Tb.c. land development proposal 
which the Corporation may sponsor should be technically and 
economically examined, to the extent really necessary, only by 
the ARC, T'VC bank c-n then advance the credit on ARC'S 
certification, 

(Paragraph 16,7,16) 

33, By 1980 the pace of land development should reach 
one million hectares per annum requiring term credit of the 
order of Rs 120-150 crores per annum from institutional 
sources. This would further rise to Rs 170-210 crores per annum 
by 1985, 

(Paragraphs 16,6,12 and 16,7,17) 

34, The full requirements of finance for command area 
development from institutional sources olongwith the 
contribation from Governmental sources to the extent it is 
required to be provided, must be made available to maintain 
the stipulated pace of development, 

(Paragraph 16,8,18) 
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35, Experimental farms should be established in the 
command area well before irrigation supplies become available, 
A fairly large number of demonstration farms would need to be 
established as irrigation water becomes available. The 
farmers should be given itraining in water management, 
appropriate tillage practices, raising of irrigated crops 

and the use of fertilisers and pesticides. Like wise, 

training of womenfolk in the more efficient way of carrying 

out ^’ng duties should be arranged. 

(Paragraphs 16.3.1, 16,6.2 and 
16.8.3) 

36, In any new irrigation system night irrigation should 
also be enforced through the system of ‘Warabandi*. This 
system of 'Warabandi’ v;ould also protect the interests of 

the weaker formers who may be otherwise deprived of their due 
shares of suoply during a period of keen demand, 

(Paraqraoh 16,8.4) 



APPENDIX 16.1 


(Paragra<Jh 16.3.16) 
SvilsnergGncs Dainage of Ric© According 
to Growth Stage in Japan .1 

(percentage reduction in yield' 
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Crop-growth stage 


Clear v.'ater 

1 

! miuddy Water 



i- 

2 3-4 

5-7 +7 

1-2 3-4 
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transplanting 

10 

20 

30 3 5 




young panicle forma¬ 
tion partly 
inundated^ 

10 

i 

30 

65 90- 

100 

20 50 

85 

90-100 

young panicle 
formation completely 
Inundated 

25 

45 

20 80- 
100 

70 80 

85 

90-100 

heading stage 

15 

25 . 

.30 • 70 ■ 

30 80 

•^0 

90-..100 

ripping stage 

0 

15 

20 20 

5 20 

30 

30 


1 Source: H.Fukuda and H.Tsutsui/ Irrigation 

in Japan, Pood and Agriculture 
Organisation, Rome. 

2 Damage figures are reduced by 50 per cent 
for half-day submersion. 

3 "partly" means leaves (9 to 15 centimetres long) 

remain above water surface- 
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APPENDIX 16.2 


(Paragraph 16.3.16) 


Submergence Damage of Rice according 
to Growth Stage in Korea 1 



(percentage 

reduction 

in 

yield ) 


Crop-growth stage dates 


— 

Days 

of submei^sion- 

-- 


clear water j 

_1 

1 mudy water 

(___ 

1 

3 

5 

1 

7 

1 

3 

5 

7 

tillering period mid-July 

25 

55 

100 

100 

30 

100 

100 

100 

panicle formation early Aug 

15 

'45 

90 

95 

20 

50 

90 

100 

head sprouting late Aug. 

25 

95 

100 

loo 

45 

100 

100 

100 

after-flowering early Sept. 

15 

50 


50 

45 

85 

85 

85 

milky stage mid-Sept. 

5 

5, 

.. .10. , . 

.10 

15 

35 

40 

65 

ripping 

5 

20 

20 . 

30 

10 

20 

30 

30 


1 Sources Report on the MoXpo'-s Yongsan Scheme, 
Food and Agriculture Organisation, 

Rnrnp. 1Q6S. 
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Cultivable Land before and after Land Preparation 
Gandalc Project — Bihar 
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(Paragraphs 16.6.6 
and 16,6,14) 


Command Area Development Authorities - 
Constitution of 


GOVLihM^-iT OF MAHaiUSHT^iA 
Irrigation and Power Department 
Resolution No.IPM 1074-1(5)-CADA 
Sachivalaya, Bombay-^00 032, dated 15th iipril, 1974, 


READ:- 

(i) Irrigation ComiTiission’s Report, Chapter VII on Ayacut 
Development, 

(ii) Interim Report of the Rational Commission on Agriculture 
on modernising irrigation systems and integrated 
development of command areas. 

( iii) Letters from Shri F.A. Ahmed, Minister of Agriculture, 
Government of India, dated the 19th May 1973 and 16th 
August 1973, 

(iv) Chapter XIII on Command Area Development from the 

Planning Commission's Fifth Five Year Plan - Part II, 

(v) Letter D.O. No.F.11-9-1973 from the General Administration 
Department to the Secretary to the Government of India, 
Ministry of Agriculture, dated 1st September, 1973. 

Substantial investment has been made on irrigation 
projects in the post-1960 period. The returns by way of increased 
agricultural production from the completed irrigation projects 
have, however, not been satisfactory due to underutilisation of 
irrigation potential. This Inadequate utilisation of available 
irrigation potential is particularly distressing in the context 
of low per acre availability of water resources in Maharashtra, 
comparatively higlnr costs of construction and maintenance of 
irrigation projects and the continuing shortages of foodgrains 
in the State. Several causes of iJiadequate utilisation have been 
by now enumerated by various studies and enquiries made at the 
National and State Level. It is now imperative that concentrated 
attention be paid to irrigatel areas to set right this state 
of affairs and to secure efficient utilisation of available 
Irrigation potential and optimum agricultural production from 
irrigated lands. 

GLUT I ON i - With a view to expeditious development of 
the commandT areas the Government of Maharashtra has, in consultation 
with Government of India, decided to set up Command Area 
Development Authorities for the following projects or groups 
of projectss- 

Cl) Puma and Jayakwadi Projects, 
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( 2 ) Ghod and Bhinia Projects includins Pawna command area, 

(3) Girna and Upper Tapi (Hatnur) Projects, 

(4) Bagh, Itiadoh and Pench Projects, and 

(5) Krishna Project. 


2 , The functions of the Command ^irea Development ikuthority 

be as follows!- 


Cl) Maintenance an,! efficient operation and modernisation, 
where necessary, of the irrigation system in the cormiianc 
area upto the outlets with one causec capacity", 

(2) Dovelopment a-id maintenance of the main and subsiciiary 
dr a ilia se system in the Coiiimam. r*rea 5 


(3) Conductin:/ Soil Surveys in the Command Area, vdth a 
view to deternininc and modifyinj^ from time to time 
most suitable cropping; patterns; 

(4) Ensuring, efficient maintenance of the Field Cha^mels 
and the' Field Drains within the Coriima. d Area by the 
concerned farmers and by the Authority at their cost, 
if necessary* 

(5) Land levelling and Land shaping on its own, and/or 
through other agencies, at the cost of the beneficiary 
farmers; 

( 6 ) .Prescribing and enforcing an appropriate system of 
distribution and regulation of water supply throughout 
the Command Area; 

(7) Development of Groundwater Resources and ensuring its 
conjunctive use alongv/ith surface irrigation; 

( 8 ) Selection, intraluction and.enforcing of suitable 
cropping patterns; 


( 9 ) Localization and delocalization of lands for various 
crops; 

( 10 ) Ensuring supplies of all .inputs and services including 
credit; 

( 11 ) Development of marketing, processing and storage 
facilities and an adequate coi.uiunications system; 


( 12 ) Development of subsidiary activities in the fields 
of ihiimal Husbandry, Dairy, Poultry, Farm-Forestry, 
Fishery, Horticulture etc.; 

(13) Soil Conservation and afforestation, where necessary; 

(14) Consolidation of land holdings and re-drawing 'of field 
boundaries on an outlet coamiand basis, where necessary5 

(15) Organising Agricultural Go-operatives; 
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(I6j -i-'own PlaHiiins, aiiJ .Development of Grovrth Centres 
v/ithin the Co:;i;jaiid i*.rea; 

(17) Co-orclin.:.tin:j the activities of the Institutional 
Agencies in -the Command Area such as the Land 
Developmeiit Banks, Co-operative Credit Institutions, 
Branches of the I'lptionalized Banks, etc.j 

(18) Co -orciinatini:; the i-esearch activities, including those 
undertaken by the Agriculture University in the 
Coiiunand i^rea; 

(19) Co-ordination idth the xLevenue and other Departmental 
authorities fUiictioning mithin ihe Command Area; 

(20) C)::doring or undertaking studies, enquiries or adoptiv*.' 
research for effective applicatl. on of scientific 
principles of soil and water management and to evolve 
Eurd .to Implement packages of practices for different 
crops In the command areas; 

A21) Development of farmer support services and organisation 
of programKE s or coraplaigns to educate farmers in the 
command areas for efficient utilisation of irrigation 
potential or maximising agricultural production; 

(22) Implementation generally of all policies of the 

Government of India and the State Government in respect 
of the intensive development of the Comiaand area*. 

3a The jurisdiction of the 5 Command ^^rea Development 

Authorities vrill be as shov/n in Annexure I, 

4. Each Conmiand Area Development Authority will have 
a Board consisting of a President and Members as shown in 
Annexure II. 

5. (1) The Board will approve 'the aiinual programme , r.evlew 

its implementation, and effect co-ordination between the different 
departments and development agencies. Once a progrsimme and a 
plan of action is .approved by the Cormaaiid Area Development 
Authority it v/ould be binding on all the departments concerned, 
and it would be the duty of all the departments concerned to 
Implement them faithfully; 

(ii) It will have full powers to take all decisions pertaining 
to the development of the comrraPd area(s) , subject to the general 

? olicy directions wliich may be :''lven by Government and subject 
o the final provisions made in the Plan/Budget. 

6 . The Board may frame detailed rules regarding the 

number of meetings to be held, the manner of recording minutes 
of its meetings etc. and other matters connected with its 
working. 
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7, Each CoraLiarid iarca Developraent authority will have 

an Executive CoLiiiJitteQ consisting of a Chairuian and the follov/ing 
rneinbers! 

(1) Chairaanj 

( 2 ) Comiissionoi’ of the Divisionj 

(3) ndiiiinistrator of the Cor.knand ^^rea 
Developinent *i.utho:?ity 5 

( 4 ) Supci’intending Engineer/s 
of the project 

(5) Superintending ^*.gricultural 
Officer of the Project; 

(6) Joint Kegistrar of the 
Co-operative Societies 
of the Proj ect; 

(7) Three non-officials nominated; 

(8) By the Board on the Executive 
Coknittee; and 

( 9 ) Secretary — Deputy Administrator of 

the Project, 

8, The Executive Comjiittoe will attend to and take 
decisions on routine day-to-day matters as also such other 
matters as may be delegated to it by the Comroand Area Development 
Authority Board. 

9, The Executive Committee will meo. at least once 

a month at a place, within the Project Area as raay be decided 
by the Chairman. 

(b) Cfiairdoaii 

10, The Chairman will be the Chief Executive of the 
Command ^-roa Development ^.uthority. He will exercise all powers 
of the Hoad of Department In respect of functions listed in 
Annexure III. Statutory powers under the nets administered by 
the respective Departments are excluded unless any of those are 
also specially delegated to the Chairman, 

11, Untill an independent Chairman is appointed for any 
Command Area Development Authority, the Divisional Commissioner 
of the Revenue Division in which the co:.oand area is situated 
will be ex-officio Chairtiian of the Executive Coi-miittee, 


or Sehiormost 
officer of 
each of these three 
disciplines v/orking 
on project; 
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12. i-fluiiiistrator shall he appointed for each 
tJoioniand i*rea Developnant **uthority as a full tine officer who 
shall, suojcct bo the control, of the Board andi the Chairnan 
of the Executive Comaibtoe be responsible for inplenenting 
the policies and progra.nc s fornulated by the Board or the 
Executive Connittee and for iiupleuenting the directions received 
fron tine to. tine fron GovornriGiit in respect of the functions 

of Coniiaand nrea Developncnt ^-uthority listed in para 2 above. 

The i^dninistrator shall also be the Vice-Chairuan of the Executive 
Comnitte.e, iJ.1 pth.er officers of Gonnaiid ^.rea Development 
ikuthority vrill work under his directions. In respect of Connand 
^rea Developnc.nt ^iiuthority area and functions, the J.dninistrator 
will have ail aliAiriistrative and financial powers which are 
exercised by the Coll jctors of th>- districts and regional officers 
of Irrigation aiid Povrer, ..agriculture and Co-opi^ration Departments. 

13. Five posts of *-dainistrators. on^, for each Comaand 
Area Development authority, in the senior time scale of I.A.S. 

(Rs.900-50-1000-60-1600-50-1800) or in the scale of 
Superintend in:. Engineer of Irrigation a^id Power Dopartmont ' 

(Rs. 1300-60-1600). or Joint Director of ..gricultux-'o Cfc.1300-60- 
1600) are ci.-^atcd v;ith immcdiatG effect. The operative scale . 
will be of thu' cadre or service to which the officer belongs. 
Orders for creating posts of supporting staff to the 
administrators will bo issued soperatcly. 

14. Dovolopmoiit Boards previously created under 
Government hosolutions (listed belo\^r) for Jayakwadi, Bhima, 
Girna-Uppor Tapi, Bagh-Itiadoh and, Pench, and Krislma Pro;5Gcts 
and tho Co-oruiiiation ComLiittoc created for Puma Project 

are here bj'' superoseded,. 

(1) Government hosolution. Irrigation and Power 
Department, ho.Pin 3171-IP(2), dated the 20th July 1971, 

(2) Govo:..nment Resolution, Irrigation and Power Department, 
No. Jiff 2372/31293-IP(2), dated the 23rd May 1972, 

(3) Government Resolution. Irrigation and Power 
Department, No. 2372/31728-IP(2), dated the 
5th June 1972, 

(4) Govemraent Resolution, Irrigation a nd Power 
Department, No.BUM 2070-IP(4), dated the 27th June 1972, 

(5) Government Resolution, Irrigation and Pov/er Department, 
No.MIP 2273/23518-IP(4), doted the llth April 1973, 

(6) Government Resolutioii, Irrigation and Power Department, 
No.MIP 2073/109240-IP( 4 ), dated the 14th November 

1973 and 

(7) Goverrimont Resolution, Irrigation a nd Power Department, 
No. PKi'f 1071/34877-1(3; dated the 9th august 1972. 
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Tho oxistinc posts of Project Developaent Officers will stand 
abolished from 1st May 1974. 

15. The non-official membors of the Board will be 

eligible to dravr travelling allowance and dally allowance 
admissible under Scalc-II of nulo l(l)(b) of Soction-I, 

Appendix XLII-j'i of the Borabay Civil Services Hulcs, VolunewII 
for attending the meetings of the Board. The Members of 
•Parliament, Legislative Assembly and Legislative Council should 
be entitled to draw travelling allov/ance and daily allowance 
as per the orders issued under Government Resolution, Finance 
Departmentf Ao,TPJ*.1470/131/XVIII, dated the 27th January 1971# 

The expenditure on that account and contingent expenditure 
should be net from the sanctioned grant for the Conuoand nrea 
Development Authority who vn.ll also be the Secretary of the 
Board will be the controlling authority in respect of travelling 
allowance bills of non-official members of the Board. 

jl6 ,- This Government Resolution issues with the concurrence 

of the Finance Departmoxit vide its un-official rof'::-:-^co . 

No.639/S-3, dated the 15th April 1974. 

By order and in the name of the Governor of Maharashtraj 


K.V. DESiJ:^ 

Command ^.rea Development Commissioner 
and Secretary to the Government of 
Maharashtra 




Shri S.B, Chavan, 
Hiaister (agriculture) 




Dr. Rafiq -^alcaria, Shri V.B,' Taradekar, 

Minister (Public Health, Menbor, Lok Sabha, 

Urban Developiaent), handed. 


Shri Kalyanrao P; Patil, 
Minister of State 
(Industries). 

Shri Sundarrao A.Solanlche, 
Minister of State , 
(Revenue) 


Shri S.S, Deshmukh, 

Meuber. Lok Sabha, 

Hingoli, District Parbhani, 

Shri B.J, Kale, 

Member, Lok Sabha, Seegaon, 
District nurangabad. 


Coonand i.rea Developuent 
Coranissioner and Secretary, 
Irrigation and Pov/er 
Deparfnent Sachivalaya. 

Divisional douaissionery 

Aurangabad. 


Representative of the 
Ministry of .agriculture, 
Governnent of India. 


Shri Manikrao Palodkar, 

Meaber, Lok Sabha, Palod, 
Taluka Sillod, 

District ;.urangabad. 

Sliri i.iikushrao Piaosahab Tope, 
M.L.i»., ..t Post Patharwala BH, 
Taluka i^nibad, District 
Aurangabad. 


Collector, Aurangabad. 
Collector, Parbhani, 
Collector, handed. 


Chief Executive Officer, 
ZiJIa Parishad, Aurangabad, 

Chief Executive Officer, 
Zilla Parishad, Parbhani, 

Chief 'Officer, 

ZlILa Parishad, ''anded. 

Superintending Engineer, 
Aurangabad Irrigation 
Projects Circle, Aurangabad 


Shri Haribhau liaorao Barkule, 
M.L,.*,, , i,t Khandvi 
Post Usoanapur, Taluka 
Partur, District Parbhani, 

Shri .^aosaheb Bapusaheb 
Jankar, M.L.n., Parbhani. 

Shri Vithalrao Champatrao 
Mhaskc, M ,L,^,,, nt 
Chinchardi, Post Kalaonurl, 
District Parbhani. 


Shri Sakharan Copalrao 
iMakhato, ii.L.A,, Parbhani. 

Shri S, Ekbal Husain, 

M.L.i*., At Post Purxia (J) , 
Taluka & District Parbhani. 
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Superinte^idin-j; Engineer, 
Jayakwadi Canal Circle, 
lurangabad. 

Superinte.vJinc -‘g'ricultural 
Officer, ixuraxigabad- 

Jt. liesistre.v of Co-op, 
Societios, ^i.uran(,at)ad. 


Regional Fisheries 
Developaent Officer, 
Rurangabad• 

i-^egional Jt, director, 
Animal Husbandry, 
Rui-ang abad, 

Joint Director of 
Indus trie s, 

Aurangabad, 


Shri Trimbak Maroti Sawant, 
M.L.n,, nt post Kodri, Taluka, 
Cangakhed.,, District Parbhani, 

Shrimati .i-shatai Marotiappa 
Tale, M.L.n., Hixigoli, 

Shri Sayyad Fnrukh Pasha 
Sayyad Makdum Pasha, 
i'-i.L.A. j Handed. 

Shri Shanirao Sakharam Kadam, 

M.L.C. , Hand ed, • 


Shri nbasaheb Dattarao 
Deshiiukh (Lahankar), i''l.L,C,, 
Shivajinagar, Handed, 

Shri iumasaheb Romchandra 
Cavhane, M.L.C., P'^.rbhanl, 

Shri Mf-nikarao Shnnk'irrao 
Mh;’ sk e , M ,L, C, ^ Par bhani, 

Shri H,L, Bhalo, ^^ssociato 
Doan (iiGse'-rch), Marathwadr. 
Krishi Vidyapith, Parbhani. 

Sliri Shy aura, o 3, Pa.til, 
Vice-Prosidont, Zilia 
Parishad, .-urangabad, 

Shri Shrimantra.o ^*-ppa;ji 
Chairman, Panchayat Samiti 
Paithan,- 

Shri Kishanrao Chaburao, 
Chairman, Panchayat oaniti, 
iimbad* 

Shri Badriprasad Barvrale, 
Jains. 

Shri Sakhcram Patil 
Rojapimpri, T d: P. ..urangabad 
(i*urangpura, -.urangabad) 

President, Zila Parishad, 
ii.urangabad. 
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Presidentj Zilla Parishad, 
Parbhani. * 


President, Zilla Parishad, 
i'land ed, ’ 




Adiuiiiistrater, Purna 
Projects '^oriijand ■^*roa 
iiUthorityj ^^.uranga bad 


- Jnyakwadi 
Doveloprjent 



APPENDIX 16.5 


(paragraph 16,6.7) 

Command Area Dev&lopment Authorities 
for Ukai and Kadana Command Areas - 
Establishment of - Creation of Posts 
of Area Development Commissioners 
for Ukai and Kadana Command Area.,, 

Government of Gujarat, 

Agriculture, Forests & Cooperation 
Department, 

Resolution No. AQA-107 3-(1564)-K, 

Sachivalaya, dandhinagar, 

Dated the 16th May, 1974. 

READ:- i) Irrigation Commission's Report Chapter VII on 
Ayacut Development, 

ii) Interim Report of the National Commission on 

Agriculture on mof^iernis ing irrigation systems and 
integrated development of command areas, 

iii) Letters from Shri F.A. Ahmed, Minister of 

Agriculture, Government of India, dated the 19th 
May, 1973 and 16th August, 1973. 

It has generally been the experience in the country 
that there is substantial under-utilisation of the irrigation 
potential created by big irrigation projects. This implies 
that much of the investments made on such irrigation projects 
remain inpuctuous. It has been found that one of the main 
reasons for such under-utilization is that there has been no 
planned effort to develop the entire Command Area of the 
irrigation project to a position where the available water 
from the dam could be put to optimum benefits. Various 
activities, such as, land levelling, land shaping, 
constructing field channels, setting up a drainage system, 
strengthening of cooperatives, survey of soils and topography, 
and most important of all, training of farmers in proper water 
utilization measures, have to be carried out for this purpose. 
The Irrigation Commission as well as the National Commission 
on Agriculture have emphasised the need for special 
organisational arrangements in the Command Areas of big 
irrigation projects to draw up and implement programmes for 
integrated Command Area Development. 

RESOLUTION :- 

Government have, therefore, decided to set up two 
Command Area Development Authorities, one each for the Uka i- 
Kakra[Mra and the Mahi—Kadana Command Area with a view to 
bringing about expeditious development of these Command Area- 
The jurisdiction of the Area Development Authorities will be 
as shown in Annexure-I. The Area Development Authority will 
have jurisdiction over an entire taluka even if, only as oar' 
of it falls under the Command Area, 

P7n 
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2• The C o mpo sition of the A re a Development Aut ho rity, 

the composition of each Area Development Authority wil] 
be as follows 


Area Development Commissioner. 


Cha irman 


2. Development Commissioner, Gujarat State.. Member 

3. Chief Engineer, Roads & Buildings and 

Ex-officio Special Secretary to the Govt, " 

public Works Department. 

4. Chief Engineer, Irrigation and Ex-officio 
joint-Secretary, public Works Department. " 

5. Collectors of the Districts included in the 

Command Area. " 

6. Presidents of the District Panchayats of 

the Districts in the Command Areas, whe_n ” 

in office, 

7. District Development Officer of the 

Districts in the Command Area, " 

8. Director of Ag.riculture " 

9. Registrar of Cooperative Societies ” 

0. Director of Animal Husbandry 

1. Settlement Commissioner and Director of 

Land Records. " 

,2. Dinectnr. Ground Water Investigation ” 

,3. Representative of the Gujarat Land Development 

Bank, " 

.4. Representative of the Gujarat State 

Cooperative Bank. ” 

.5. Managing Director or his representative, 

Gujarat Agro-industries Corporation. ", 

.6. Representative of Gujarat Agricultural 

University '! 

3. £unc;y.£ns_ uth or ity: 

The Area Development Authority will be generally 
responsible for drawing up a comprehensive Comtpand Area 
Development Programme and for supervising its implementation. 
In particular, the functions of the Authority shall include 
the following activities 

i) Maintenance and efficient operation of the irrigation, 

distribution system upto the public Works Department 
outlet. 



ii) Effective and optimum water distribution beyond the 
Public Works Department outlet, 

iii) All qn-farm development work such as land levelling, 
land shaping, Kyari making, construction of field . 
channels and field drains etc, 

iv) Development and maintenance of a good drainage system 
in the Command Area. 

v) Education and training for farmers in irrigated 
Agriculture. 

Vi) Preparing and introducing a scientifically planned 
cropping pattern in the Command Areas, 

vii) Development of Ground V/ater to supplement canal 
irrigation. 

viii) Supply of all inputs and services including credit, 

ix) planning and Developing processing and marketing 

facilities especially in the cooperative sector, 

x) Development of Animal Husbandry. 

xi) Consolidation of holdings, 

xii) Special programmes for small farmers> marginal farmers 
and agricultural labourers in the Command areas, 

xiii) Development of good network of road, 

xiv) Strengthening the extension activities in the Command 
Area . 

Transfer o f Activit ies : 

The functions listed in para (3), are now being carried 
out by public Works Department, Agriculture Department, 
Cooperative Department, Revenue Department and District 
Panchayats, The staff of each of these departments (except 
that of the District Panchayat) which now execute these 
activities in Uka i and i<adana Command Areas, will stand 
transferred to the Administrative control of the respective 
Area Development Commissioner, The Organisa.tions which are 
thus transferred are listed in Annexure~II, In addition, 
the following officers of the District Panchayats in the 
Command Areas will work under the close supervision of the 
respective Area Development Commissioner 

1, District Development Officers. 

2, District Agricultural Officers. 

3, District Animal Husbandry Officers. 

4, Executive Engineers. 

5, Assistant District Registrar of Cooperative 
Soc ieties • 



5. powers of the Ar&a Development Authorities (ADAS) and 
Area Development Comm.'.ssioners (ADCS) . 

The ADA will have pov;ors subject to Budget /Plan 
provisions and poJ.icy guidelines issued by the Government from 
time to time, to take aj.i necessary decisions, regarding 
implementation of Command Area Development Programmes. The 
Covernmenx may a]so. f?:om time to time issue such instructions 
to the Auouu..ities as it may deem necessary for the proper 
execution of the p-^ogrammes. All Executive pov/ers of the 
Authorities will v'ost in the Area Development Commissioner who 
will be a full time .: ffiner of the rank of Secretary to the 
Governmant in the super-time scale of the I.A.S. He is hereby 
declared as a Head of the Department and will generally have all 
powers vested in a Head of a Department from time to time. A 
specific list of powers of the area Development Commissioner is 
attached herewith as Annexure HI,. In addition, since proper 
coordination between District panchayats and the Ai:AS is very 
important, for the work of Command Area Development as, 
extension machinery, supply of inputs, village roads etc. are 
functions which the Panchayats perform, the Area Development 
Commissioner will disch^irge the functions and have the powers 
of the Development Commissioner in the respective Command Area, 

6. Budgetary Provisions : 

The budgetary provisions for 74-75, available with the 
different Departments for financing the activities now 
transferred to the Area Development Authorities of Ukai and 
Kadana - will be placed at the disposal of respective Area 
Development Commissioners by concerned Administrative 
Departments, 

7. Creation of postsof ADCs and their supporting staff . 

IWo posts in the supertime ■ scale of the I.A.S. 

(Rs,2500-2750) are hereby created for the two Area Development 
Commissioners for Ukai and Kadana respectively. The following 
posts are also created in each office of the two Area Developmen'w 
Commissioners.- The personnel appointed on these posts will 
function under the adminir-^rative control of the respective 
Area Development Commiss 11 .er. All these posts will be 
temporary and will continue till 28.2,1975. 


S .No, 

1 . 

2 . 

3. 

4. 


Name of post. 
Superintending Engineer 


No. of posts 


Scale 


Administrative Officer of the 
rank of a Section Officer 
(Sachivalaya Cadre) 

Stenographer Gr, 1 

Stenographer Gr. II 


1 

1 

1 

1 


1400-1800 

425-850 

350-750 

250-550 





S.No 


Name of post 


No. of posts Scale 


5-, Assistants (Sachivalaya Cadre) 2 

6 . . Research Assistants (Bureau of 

; . Economic and Statistics Cadre) 2 

7. Clerk 1 

8 . Cashier 1 

9. Typist 2 

10. Driver 1 

11. Peon 3 


200-550 

250-550 

130-240 

130-240 

130-240 

130-240 

90-110 


The head Quarters of the AEA’s of Ukai and Kadana will oe 
Surat and Ahmeaabad respectively. 

8 , The estimated expenditure on each ADC and his staff is as 
follows for 1974-75;- 


pay of officers 

fe.58,344 

Pay of Establishment 

Rs,44,640 

D.A. 

R5.i5,6B4 

T.A. (Approximately) 

Rs. 3,000 

Other allowance (C.L ,A ,H.R.A, 
at 15% of pay 

etc) 

Rs, 15,450 

Continqencies; 


Non-recurrinq 


Furniture 

Rs. 15,000 

Purchase of car 

Rs,25,000 

Four typewriters 

Rs, 8,000 

One Duplicating Machine 

Rs, 3,500 
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Recurring : 


Books 

Rs. 

2,000 

Car Maintenance 

Rs. 

10,000 

Office Rent 

Rs. 

5,000 

Telephone Bills 

Rs. 

2,500 

Stationery 

Rs. 

5,000 

Service Stamps 

Rs. 

3,000 

Electricity Bills 

Rs. 

1,000 

Other contingencies 

Rs. 

1,500 


■Rs. 

2 ,18,618 


Say Rs.2.19 lakhs 


The expenditure upto the 3ist July, 1974 is expected to be 
Rs.93,280/“ on each office of the two A.D.C.'s as detailed below:- 

Recurring expenditure till 3ist July 

on Pay, allowances to contingencies Rs,4i,780/- 

IMon-Recurring Expenditure Rs,5i,500/- 


Total Rs.93,280/- 
on each ADC 

Total for the two ADC is Rs,1,86,560, 

An amount of Rs,93,280 each is sanctioned and placed at the 
disposal of the ADC's Ukai and Kadana respectively to meet the 
expenditure on the staff mentioned in para B, This expenditure 
is to be met by withdrawal from the contingency fund sanctioned 
vide Finance Department Memorandum No.CNF-1174/33-K, dated the 
15th May, 1974. 

This amount will be recouped and the expenditure on the 
ADCs and their staff for the period beyond the 31st July, met 
by necessary provisions in the Supplementary Demands, The 
expenditure will be debited to the Budget Head,- ”308-Area 
Development-(a)-Ayacut Development-Establishment of Area 
Development Authorities (Sub-head to be opened)”. 

This issues with the concurrence of Finance Department on 
this Department file No .ADA-107 3/1564/K, 

By order and in the name of the Governor of Gujarat. 


Sd/- S.S.VVagh 
Section Officer 

Agriculture, Forests and Cooperation Deptt. 
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LAND RECLAMATION AND DEVELOPMENT 
1 INIRCDUCTION 

17,1,1 The demand for lands Is increasing at such a fast 
rate that any attempt made in the direction of reclaiming 
unused, denuded and less productive areas for useful purposes 
is worthy ©f the time and money spent for It. Newer technology 
is available to reclaim and develop them on ecological basis. 
For an ecosystem like what prevails in Ladakh^ production 
programme may gainfully be based on quick growing cereals, 
oilseeds, vegetables, fodder crops and goat rearing for 
pashmina wool. In spite of the potential of the area in terms 
of productive soil, the execution of the programme lags behind 
on account of aridity of climate. Harnessing the flowing water 
and provision of energy for lifting the same are essential for 
reclamation projects in thi§ cold arid zone. The hot arid 
zones cover large areas in Rajasthan, Haryana and Gujarat 
where the lack of vegetation is caused by deficiency of water. 
The problems and prospects ©f development of hot desert 
regions have been thoroughly dealt with in our interim Report 
on Desert Development, Saline and alkali soils occtpy 
considerable land area in the country, much of which were nnce 
good and fertile cultivated l.^nds. Such soils are amenable to 
reclamation. The inland swamps and water mass occupy large 
areas and have the possibility of being profitably utilised 
for development of inland fisheries while preserving than on 
ecological considerations. Water can be pumped for the 
purpose of Irrigation provided it does not disturb the 
ecology. The utilisation of the waterlogged areas for 
agricultural piarpose has Indeed been effected in a number 
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Of cases by provision of adequate drainage and utilisation of 
groundwater. Enormous degradation of land Into ravines has 
taken place along the river courses in the States of Uttar • 
Pradesh, Madhya Pradesh, Rajasthan and Gujarat. This category 
of degraded land occupies large areas and has drawn governmental 
attention on account of various social problems associated with 
it. There are other areas categorised under wastelands which 
have problems of no less magnitude but their use is restricted 
because of Inaccessibility, steep slope, shallow soil etc. 

17.1.2 No attempt has so far been made to map out such 
areas, collate available information and categorise them. 

Precise data on the extent of land affected by salinity, 
alkalinity, waterlogging, erosion, etc. are lacking. The land 
utilisation statistics published by the Directorate of 
Economics and Statistics (DES), Union Ministry of Agriculture 
and Irrigation give information on the broad land use 
classification. Those designated broadly as barren and 
uncultivated land, culturablc waste, and fallow land include 
large areas which are amenable to reclamation and development. 

On the basis of long experience of State Governments and 
other agencies, more well defined categories have been 
identified in a qualitative sense. Each of these categories 
has one or more distinguishing characteristics and is amenable 
to reclamation by method peculiar to it. To these categories 
belong (a) land infested with shrubs and bushes; (b) ravines; 

(c) waterlogged lands; (d) lands affected by salinity and 
alkali; and (e) riverine lands. There are categories of 
minor importance, such as coastal sandy land, stony and 
gravelly lands and lateritic soil with thin soil cover. For 
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lands designated as chos and khads, or those on steep slopes 
or those affected by shifting cultivation/ the problem is one 
of conservation, permanent agriculture and afforestation» 
have been adequately dealt with in Chapter 18 on Soil and 
Moisture Conservation and- Chapter 42 on Production and Social 
Forestry. 

17.1.3 The causes of land deterioration are many but the 
most important amongst them is the wanton misuse and 
interference by men and animals. Nature's capacity to maintain 
ecological balance and conserve her resources against 
deterioration is considerable/ but there is a critical limit, 
beyond which the rate of deterioration is too great to be 
checked by nature's own recuperative process. If the 
interfering influence of men and animals is counteracted in 
time, that is, before the critical limit is reached, and 
nature's process is helped by scientific methods of 
conservation, the original ecological balance may be partially 
regained. The methods of treatment vary according to the 
category of the land, and depend on the major factors leading 
to deterioration. The cost of reclamation and development is 
dependent on the nature and extent of deterioration. The 
benefit depends on the level of productivity of the land and 

to the extent the causes of deterioration are eliminated and 
the inherent fertility is enhanced and sustained. According 
to the ordinary norms of economics, the benefit-cost ratio 
determines the feasibility or othervrise of reclamation 
methods, 

17.1.4 No less important than the development of poor 
and deteriorated lands for increased agricultural production 
is the solution of social problems associated with them. 
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It Is not by coincidence alone that, by and large# the poor 
occupy these lands. Because of this, the problems of 
reclaiming and developing them have received scant attention. 

No wonder# therefore# that the deterioration which started at 
a slow pace has gradually assumed enormous magnitude because 
of faulty use and lack of any conservation measures. In this 
long process of neglect some of these affected areas have turned 
out to be the hideouts of antisocial elements and consequently 
a menace to the society at large. The task of reclaiming and 
developing lands in varying degrees of deterioration has, 
therefore# an added significance. The magnitude of the problem# 
causes of deterioration and methods of reclamation and 
development are discussed in this Chapter. The task is 
admittedly stupendous and as such the implementation of 
programmes requires appropriate action agency and careful 
phasing# keeping in mind the priorities. This aspect has been 
specially emphasised. 



2 MAGNITUDE AND CAUSES OF SOIL 
DETERIORATION AND METHODS 

OF reclamation 


Waterlogged Lands 

17.2.1 Precise data on the extent of waterlogged areas Is 
not available but different agencies and research worTxsrs have 
attempted to arrive at certain figures based on sketchy 
Information, On the basis of such Information, an area of 
about 6 Mha Is estimated to be waterlogged in the country 
(Appendix 17,1). In the process of constructlcki of roads, 
railways, aerodromes; canals and building new townships, the 
maintenance of natural drainage channels has not received the 
attention it deserves. Further, without adequate cross drainage 
\/crks under the roads and railways, the runoff of monsoon rains 
is obstructed. As a result, water gets ponded upstream Of 'the 
Structures, The Introduction of canal irrigation introduces 
a new dimans ion In the surface hydrology of the area concerned. 
Apart from seepage from canals, embankments of the main canals, 
branches and distributaries offer obstruction to the rain water 
runoff. Flooding of the valley land by the swelling rivers may 
cause heavy submergence of the land. Irrigated cultivation 
v/ithout creating proper drainage facilities contributes 
rubstantially to wat-rrlogging, 

17.2,2 A snccial committee of the Central Board of 

Irrigation has defined waterlogging as followsx 

"An area is said to be waterlogged when the water 
table rises to an extent that the soil pores in the 
root zone of a crop become saturated, resulting in 
restriction of the normal circulation of air, 
decline in the level of oxygen and Increase In the 
level of carbon dioxide. Ihe water table v/hich is 
consi-’ered harmful would depend \jpon the type of 
crop, type of soil and the quality of water. The 
actual depth of v/ater table, when It starts 
affecting the yield of the crop adversely, may vary 
over a wide range from zero for rice to about 1.5 
metres for other crops". 

2 81 
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Wheat and sugarcane are affected when the water table is within 
0*6 metre^; tnaize/ bajra and cotton are sensitive to water table 
v/ithin 1.2 metre; and gram and barley within 0.9 metre* 

17.2.3 Based on the depth of water table below ground level 
as an indeX/ estimates of waterlogged area prepared by various 
agencies are presented in Appendix 17.1, Of the total 
waterlogged area of 6 Mha# 3.4 Mha are subject to surface 
flooding, mostly in the States of West Bengal, Orissa, Andhra 
Pradesh, Punjab, Uttar Pradesh, Gujarat, Tamil Nadu, Kerala, 

The remaining 2,6 Mha have high water table. 

17.2.4 In irrigated areas it is desirable to keep the average 
water table well beyond the capillary range, say, around 5 
metres If not deeper. Apart from the risk of increasing soil 
salinity, a high water table is wasteful for groundwater resource 
as it contributes to unproductive evaporation. Also, a low 

• 

v/atcr table provides more space for groundwater recharge during 
tne rainy season and thus helps in increasing the groundwater 
resource. In the canal Irrigated areas of flat plains ot 
northern India, waterlogging occurs in about one million 
hectares. The problem of waterlogging is very serious mainly 
in the irrigated areas of Haryana,. Punjab, Rajasthan and Uttar 
Pradesh, In Punjab and Haryana alone, the area thus affected 
through faulty irrigation is about 8 lakh hectares. 

17.2.5 Waterlogging and its attendant ills in the areas 
irrigated by the Western Yamuna Canal (Haryana) first received 
attention around 1850. By 19o7, similar phenomena appeared in 
areas of other canal systems in Punjab, In the Deccan, the 
Nira Irrigation Project was opened for irrigation in 1884; it 
caused serious waterlogging and salt affliction in the deep 
black soils of the command areas. The situation assumed an 
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alarming proportion with 6—7 per cent of the area being 
damaged annually. ■ The problem of waterlogging was taken up 
for Investigation In Punjab In 1925 when the Waterlogging 
Enquiry Conrolttee was.Instituted by the Waterlogging Board 
whlbh had been constituted earlier. The Chaklcanwali 
Heclamatl'bn Farm and the Punjab Irrigation Research Institute 
at IjBhore were cstahllahed to Investigate all the problems 
associated with irrlaatlon, drainage ana salinity. About the 
name time tne ^ramatl Experimental Station was set up in the 
Beccan ^anal area tor a similar purpose. These Institutions 
out fruitful research on the nature and properties 
of waterlogged as well as salt affected soils and the methods 
of reclaiming them, in the post—Indepwdence period research 
on these problems has been Intensified and remedial measures 
taken In several areas, notably In Punjab. In that State, 
the problem of waterlogging became very acute and the affected 
area Increased from 1.2 Mha In 1955 to 1.6 Mha In 1962 
when the water table rose to Its peak. Large scale drainage 
works were then taken up as also sinking of shallow tube\;ells. 
The development of groundwater resources In the wake of the 
introduction of high yielding varieties of wheat helped a 
great deal in lowering the water table. Between 1966 and 1972, 
about two lakh tubowells were Installed. With these meamirna 
tne x^rarer table has been steadily going down and there Is a 
distinct Inprovemcnt in the land which had earlier been 
affected. 

17.2.6 A study of the effect of waterlogging on crop 
production has been recently undertaken covering six areas 

I , 

In Punjab and Haryana where the water table depth_is about 

• » 

1.5 metres below the surface. The study has revealed that the 
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principal kharlf and rabi crops of rice and wheat, particularly 
the high yielding dwarf varieties are Tjnaffected by waterlogging 
and salinisation, if sown at proper time. However, crops like 
maize, bajra, cotton dxorlng kharif and gram and barley during 
rab^. are affected to a considerable extent by waterlogging. 

17.2.7 Of the post-Independence major irrigation projects 
where serious waterlogging and consequent salt problems have 
arisen, mention may be made of the Chambal project areas in 
Madhya Pradesh and Rajasthan, the Kbsi and Gandak project areas 
in Bihar, the Tungabhadra areas in Karnataka, Nagarjiinasagar 
areas in Andhra Pradesh, and the Kakrapara project areas in 
Gujarat, On Chambal project, lack of adequate drainage, 
excessive drawal of Irrigation water in the head reaches and 
confining Irrigation to day time only leaving water to flow 
from open outlets during the night, led to serious waterlogging. 
Remedial measures in tbe shape of land levelling, construction 
of field channels and field drainage, irrigation during the 
night also, and avoidance of waste of water, have been undertaken 
in certain areas and have considerably improved the conditions 
there. In the Kosi and Gandak project areas, water table was 
already high and the introduction of irrigation with unlined 
channels and v/ithout adequate drainage and proper water courses 
created waterlogging. Here, apart from provision of drainage, 
water courses and field channels, economy in the use of water 
and exploitation of groundwater to lower the water table are 
Indicated, 

17.2.8 Experiences of the past 70-80 years in regard to 
waterlogging prevailing in the Indo-Gangetic plains caused either 
by monsoon rains and/or irrigation suggests four methods of 



reinedy. Used singly or In combination according to the 
situation, reclamation is ensured. These methods are 
(a), drainage-either surface or B\jbsurface or both-to remove 
EiuTjlus waterj (b) lining of canals to prevent seepage and 
rise of water tabler (e) sinking tubewella and utilising water 
for Irrigation, thereby lowering water table and augmenting 
recharge of grOUndwSiterf and (d) connecting, where possible, high 
water table tracts with low water table tracts. Drainage is 
essentially an ahglneerlng problem and expert advice is to be 
sougtit for satisfactory and economic returns. 

Anti •waterlogging Measures 

17,2.9 In'-order*to determine the moat effective method Of 
reclamation of waterlogged lands In tracts of different hydrology, 
geology and climatology seves: pilot projects were set up In 
Punj^ab and Haryana in 1960 and studied upto 1967. Each project 
comprised a large area to serve as an independent unit bounded 
by a distributary or a drainage channel. These were in Amritsar, 
Tarantarah, Zita, Fszilka, Sangrur, Ainam, Hansl^ and Safidon- 
cum-Munakfc ObserviitlcnS' were regul^r*!!^ made for* vater depth 
below the surface, quality of gtbuhdi*ater, crops; their'yields, 
etc. Soil, geological and gdopibysioal studies were also made 
of the subGtratoi In each pilot project different antiwaterlogging 
meaiiures wero enployed. In certain projects Surface drains only 
were excavated, Ih others, seepage drains, tubewells and 
punning sets were Installed. Lining of canals was adopted In 
certain others. This study has revealed that a combination of 
meesures such as drains and tubewells can effectively eradicate 
v»atorlogging. The drainage watet Is generally fit for irrigation. 


1, Now in Haryana 
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Instead of wasting It to the rivers and eventually to the sea. 
It should be utilised as far as possible in the tract itself* 
The drains should be designed as drainage-cum—Irrigation 
channels, Regulators can be constructed at suitable places 
on the drains to head up water, so that irrigation channels 
can tajce. off from, the drainage channels for: Irrigating the 
area in the vicinity of the drains. Such channels and 
regulators have been, constructed on several drains and 
irrigation carried out successfully. Notwithstanding all the 
actions which one may take, there would still be areas which 
remain waterlogged amd are liable to flooding, These areas 
should be identified. Por their economic esqploltation# they 
can be brought und^r suitable crops avoiding'flood periods, 
This aspect has been discussed in chapter;2Q on Reorientation 
of Cropping Systerns• 

Saline and Alkali Soils 

17.2*10 The dlatributlon.of .saline;agd••alkali .soils .Is quite 
extensive occurring in, almost all climatic Thoan solle 

occur principally in bhe following areasr 
1) throughout the Indus valley; 

JLi) valleys -and basins of western India; 

ii) the Ganga valley west of about 80*^ E longitude; 

.Iv) the uplands of the Deccap. plateau especially 
between the Tapti, the Godavari and the Bhlma 
rivers; 

v) saline marshes of the sea coast, and pf the 
deltas of the Ganga, the Cauvery and the 
Mahanadi; and 

vi) the coastal salt; fiats along the Rann of 
Kutch- 
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17.2,11 The Natural Resources Division of the Planning 
Ctommission conducted a study of wastelands Including saline 
alkali and waterlogged lands and tholr reclamation measures 
A total area of 6 million hectares of cultivated lands in the 
country was estimated to h© afflicted, by salinity and alkali 
conditions. Abrol and Bhumbla estimated that the total area" 
affected by salinity and alkali was of the extent of 7 million 
hectares based on the information provided in the report of the 
Planning Ooiimlsslon and other information available from the 
States, The distribution of saline, saline-alkali and alkali 
lands in the States and the districts afflicted by the probl^ 
are shown' in Appendix 17.2, 

17,2,12. Large scale Irrigation projects were started in the 
middle of the nineteenth .century and within a few years 
corriplaints frotn farniets started pouring to the revenue 
authorities oej the deterioration of land, on, account of canal 
irrigation. As early as 1876,• the Reh CbmmiBBlqn was set vp to 
investigate into the causes of deterioration of the soils of 
Uttar Pradesh Which had previously been fertile. The problan 
was later scientifically approached by Dr, Leather*^ He 
showed that salts which were formed by the natural weathering 
of igneous rocks beceime evident on the surface layers under 
certain predisposing cond-itions like (a) .arid or semi-arid 
climete; .(b)‘ ^air impervious subsoil or hardpan; and 

1, Abrol, I.P. and Bhumbla# D.R, (1971) 

Saline-alkali soils in India, their occurrence and 
management. World Soil Resources Rejjort 41,. 42-51 

2. Leather, J.W,, 1897 Agri. Ledger .Nos, 7 fit .13 



288 


(c) temporary abundance of humidity in the soil interspersed 
periods. He designated all such soils, by the term 
’usar'. The Royal Cormdssion on Agriculture (RCA) put the 
blame ^c^uaroly on the failure to provide proper drainage 
before starting canal irrigation. According to the RCA, 
drainage survey and drainage construction should form an 
Integral part of all irrigation projects. Usar Reclamation 
Committee of the erstwhile United Provinces^ reviewed the 
technical work done on saline and alkali soils and observed 
that alkali conditions were mainly due to sodiim carbonate 


and bicarbonate, the exact quantity of which in the soil 
profile differed according to the nature of the soil and subsoil 
such as Itrn kar (CaOo^) beds and high water table. Saline soils 
which were characterised by the presence of sodium chloride 
and sulphate but very little sodium carbonate or bicarbonate 
were smaller in extent than alkali soils. Sporadic work in 
the characterisation of saline and alkali soils has been carried 
out in different laboratories and methods of reclamation have 


also been devised. The methods of reclamation are different 
fbr the saline an^ alkali soils. But no systematic attempt 
has yet been made to delineate their areas; Instead they are 
mapped together. In some States, the Departments of Revenue 
have been recording the extent of saline and alkali soils 
based on visual observations and on 25 per cent lower yields 
of crops than the normal. The irrigation Departoients of 
Punjab and Haryana have been taking 2p per cent reduction 
in yield as the criterion for salt affectation, ih dome areas 
information is based on analysis of soil sarrples taken at 


1. 1940. Report of the Usar Land 
United Provinces, 1938-39, 


Reclamation Cbmrfiittee, 
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1.6 km grid. In the absence of a systematic survey the areas 
mentioned In ^pendlx 17.2 are tentative. In our Interim 
Report on Soli Survey and Soli Map of India stress has been 
laid on carrying out standard reconnaissance soil survey 
throughout the country by xise of aerial photographs or 
Survey of India toposhects In the scale of li 50/000 to map 
out differentiated soils. In certain oases the use of 
Infrared photographs may be advantageous to monitor 
subsurface salinity and water'table conditions) 

17.2.13 Salt affliction In soils may occur due to a variety 
of causes, viz., (a) capillary^rlse -from subsoil bed of 
salts; (b) Indiscriminate use of canal water; (c) weathering 
of rocks and the salts brought down from the upstreams to 
the plains by river water and subsequent deposition along 
with the alluvial matcxlala; (d) salt linpregnated sand 
blown hy sea wind; (e) jji situ decon^sltlon of soil 
material and (f) Ingress of sea water. Climate, geology, 
topography and hydrology play either singly or In 
combination Inportant parts In determining the salt regime 

of a tract. 

17.2.14 As mentioned earlier, saline and alkali soils 
should be delineated properly because the reclamation 
methods are different fbr these two broad classes. 

Genetically the saline soils are the parent materials from 
v/hlch alkali soils originate. In the process of 
alkalisation, however, an Intermediate class of soils 

has been Identified, namely, sallne-epdlc. Ihe non-eallne 
alkali or simply the alkali soils are the normal end 
products of saline soils, but are subject to hydrolysis 
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giving rise to what have been termed degraded allali soils. 

The magnitudes of electrical conductivity. Which is a measure 
of salinity, BSP (exchangeable sodium percentage) which is a 
measure of the extent of sodiumlsation of the exchange conplex 
of soil, and pH which measures alkalinity (also acidity) of 
the four classes of soil* are given in Table 17.1 showing 
their distinguishing featxires in terms of the above three 
parameters. Also indicated in the table are some of iiiG 

other characteristics of these soils and their reclamation 
methods. 


Table 17.1 


Classification of Salt Affected Soils 
together with Their Characteristics^ 


Class name 
(local names 
in parentheses) 


SCxlo^ 
at 250c 

(mlllimhos/cm) 


ESP Ph 


Other 

features 


Requirements for 
reclamation 




saline 
(reh; appln 
soulu, uppu)* 


>4.0 


CIS <8,5 predominant anions; leaching 
chloride and and 

sulphate; providing 

occasionally a drainage 
little bicarbonate adequate, 
and nitrate; good 
aggregation and 
water permeability. 


saline alkali >4,0 
(bari, usar, 
khar, Icshar, 

Iona, chopan, 
thur, karl, 
laznl, jougu) 


>15 <8.5 


predominant anions; gypsum is 
chloride, sulphate the most 
and some 
bicarbonate and 
carbonate with 


occasional 

nitrate. 


(table contd.) 


suitable 

amendment. 

Acid or 

acid forming 

amendnents 

provided 

alkaline 

earth 

carbonates 

are present. 


*Iocal names prevalent in different States are mentioned in parentheses. 

1 United States Salinity Laboratory Staff (1954) Diagnosis and 
improvement of Saline and Alkali Soils, Agriculture Handbook 
wo, 6o United States Department of Agriculture 


291 


Class name 

EGxlO^ 

ESP Ph 

Other 

Requirements 

(local names 

at 25 C 


features 

for 

in parentheses 

(millimhos/cm) 



reclamation 

1 

2 

3 4 

5 

6 


nons^iline alkali /4,0 >15 >8.5 predominant anions; same as 

(chodtt, bara/ carbonate and in saline 

bicarbonate/ alkali* 

largely associated 
with sodium, 
dispersed clay and 
very low water 
permeability; 
columnar structure 
in the B horizon* 


kallar. r^kkar, 
phodus) 


degraded 

alkali 


^ 4.0 


^15 <^7.0 the exchange complex usually 
is dominated by very 

and Na"*"; salts difficult 

almost coupletely to 

removed; physical reclaim, 

condition almost 
same as in 
cionsallne alkali 
soils* 


On the basis of detailed mapping as outlined above the 
reclamation measures become more specific and easy to apply. 
It is, therefore, suggested that such detailed mapping 


should be initiated in those areas where reclamation projects 


are being launched. The cost of reclamation will depend on 


the method employed, 

17.2.15 In the field the problems of reclamation may be 
more complicated than those of the simple cases mentioned 
in Appendix 17.2. In some alkali soils otherwise amenable 
to gypsvm treatment, a subsoil clay pan may be formed In . 
course of time, which would hinder drainage. Breaking of 
the pan layer by suitable physical methods is the only 
answer in such cases. Again, together with gypsum other 
amendments like farmyard manure, molasses, pressraud, green 
manuring etc. alone or in combination could be successfully 


292 


employed depending on the specific problem of reclamation, 

A brief account of the work of reclamation of saline and alkali 
lands might indicate the varied problems that are likely to 
occur. Reclamation of saline and saline alkali lands through 
improvement of drainage was tried in Punjab and Uttar Pradesh, 
In Uttar Pradesh near complete success V7as achieved in the 
Chakerl farm near Kanpur in which.drainage was-effected by 
mechanical shattering of the hard clay pan*in the subsoil^ ^ 
using pan breaker attached to heavy tractors. This co^ild 
shatter clay pan to a depth to 75-100 cm. The ripping was 
done across the slope at 1,3 metre interval and was followed 
by bunding and leaching of salts by waters purrped out from 
the adjoining Ganga, Simultaneously/ a crop of dhalncha was 
grown for green manuring purposes. The shattering Induced 
Improvement in the Infiltration rate and a normal crop of 
paddy after dhaincha was obtained even in the first year of 
reclamation. Later op the field started receiving sewage 
water for irrigation purposes which effected improvement in 
the soil condition. Leaching trials started at the Usar 
Reclamation Farms at Rahimabad and Katiyar in Lucknow and 
Dhakaunl in Hardol districts have recorded improvement in 
the soil oondition. A marked drop in soil PH and exchangeable 
sodium percentage was recorded in this process and crop yield 
of almost 2^5 times was obtained after a lapse of a ten-year 
period. Similar leaching trials with Punjab soils were 
relatively more effective than those in Uttar Pradesh because 
of the lighter texture of Punjab soils. The technique of 
reclamation constitutes initial leadiing of the deteriorated 
land followed ^ rice cultivation, A suitable rotation 



was then foHowe<5 which inclodod borsocm/sonji and e-ugarcane 
or wheat heavier saline soils, however, do 

not jroep^nd well to this techniqho^ Roclaj«ation trials 
V^ing «rypsiin as well as other amendments like FYM, molasses, 
pressmud, green manure, crop residues and weeds, particularly 
Araemone mexicana^ we re tried. 

17,2,16 Even though a lot- of work on reclamation of saline 
and saline alkali soils has been carried out and a large 
volume of scientific data are available, no large scale 
successful reclamation project on saline alkali soils has so 
far been initiated or is in vogue in the country. This 
could be attributed either to the immensity of the problem 
%r due to imperfect approach adopted in these ventures. In 
all these cases, the main emphasis has been placed on yield 
of crop without much consideration of the improvement in soil 
conditions. Often even the data on the nature of soils before 
and after launching the reclamation project have not been 
collected or reported. This has made the work of evaluation 
of these projects difficult# Lately, a series of 
investigations have been initiated at the Central Soil Salinity 
Research Institute (CSSRI), Kamal and at a number of 
experimental centres under the Scheme of Coordinated Research 
on Water Management and Soil Salinity, These experiments are 
concerned with the application of gypsum on the improvement 
of soil as measured by yield of crops. Success of any large 
scale experiments such as these is particularly dependent 
on availability •f good water for continuous cropping, which 
tends to keep the salts below the rooting zone. The 
availability of gypsum at reasonable rates is another factor. 
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Consequently, alternative method^, using orner amendments with 
or without gypsum should be per tect^ EbT‘adoption on a 
large scale- The amendments for the reclamation of alkali 
and saline alkali soils have to have the property of 
exchanging sodium for cither calcium or hydrogen ions. 

Hydrogen ions are orovided by ciny acr'.d, either sulphuric and 
organic acids or acid hydrolysable salts like the sulphates 
of iron and aluminium. Calcium ions .^e provid^ by any 
calcium salt of a strong acid such as. calcJRam chloride and 

4 

sulphate. The eftoctiveness of the amendments varies v/ith 
the nature of the soil, namely, the contents of exchangeable 
sodium, clay and salts, physical condition of the soil, 
availability of water for leaching away salts etc. The 
superiority of gypsum as the cheapest amendment for 
reclaination of saline-a3.kali and alkali soils is a proven 
fact and methods arc ]:ncwn to estimate gypsum requirements 
of soils for fici. 1 application. Gypsum treatment alone does 
not reclaim the soil for good. It has to be supplemented 
v^ith proper crop rotatior., post-reclamation agronomy and 
^rrigatiPn to keep leached out salts from coming within the 
root zone of plants, and to prevent the sof] from reversion. 
The CSSRI has developed several crop sequences suitable for 
use in reclamation of salinc-t-alkali and alkali soils. GypsTjm 
ds available in Bikaner (Pajasthaa),, Dehra. ^uh (Uttar Pradesh), 
Jammu and' Gujarat. It has been-- estimated that several 
million tonnes of gypsum can be mined from the Rajasthan 
quarry alone. 3:n case large scale use of gypsum has to be 
made for amc.l''orafi on of the problems of alkali soils in the 
Northern States of Uftat Pradesh Punjab, Haryana and some 



of the Western and Southern States, the mining of agricultural 
grade gypsum has to be stepped up. The Department of 
Agriculture in the Ministry of Agriculture and Irrigation has 
formulated a programme of large scale reclamation of saline* 
alkali soils in the States of Punjab, Haryana and Uttar 
Pradesh by use of gypsum. According to CSSRI, 66 per cent 
gypsum is a suitable agricultural grade,, the cost of which 
varies from Rs 15 to 18 per tonne at the quarry site. The 
major components of cost are, however, grinding, transport 
and packing. Taking all these factors into account the sale 
price in bulk may be around Rs 70 per tonne. Calculations 
show that this price is not prohibitive in the context of 
the benefits accruing from reclamation. However, a suitable 
subsidy may be given to small and marginal farmers owning 
alkali affected lands for the purchase of gypsum for 
reclamation. It would be worthwhile to take up suitably 
large scale reclamation projects in order to prevent 
infestation of salts from neighbouring areas. As already 
mentioned, for sustaining the soils in productive conditions 
after reclamation and preventing reversion, adequate supply 
of good quality water is needed so that the reclaimed land 
is kept under continuous cropping. Lack of water can be a 
real constraint in reclaiming saline and alkaline lands, 
especially in low rainfall areas where they general.ly occur. 
During reclamation, changes in physico-chemical characteristics 
of the soil have to be periodically observed to enable 
modifications, if any, of reclamation measures. 

Land Infested with Shrubs and Bushes 

17.2.17 In the land utilisation statistics a category of 
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the above type has not been differentiated and as such no 
reliable data on the extent of area under shirubs and bushes 
are available. Such areas are a part of wastelands on which* 
Several surveys have been carried out. In reply to a 
questionnaire issued by the Commission to different States 
only four have reported the extent of area under shrubs and 
bushes as shown belowt 

Area 

(hectares) 

Karnataka 317,000 

Kerala 2 7,800 

•Madhya Pradesh .. 687,000 

Mizoram 6,700 

No other State appears to recognise such problem lands as a 
separate category even though there are large areas in Uttar 
Pradesh, Bihar, West Bengal and some other States where such 
infestation exists. The main reasons for such lands remaining 
unutilised are deep rooted grasses and weeds, unhealthy 
conditions, lack of drainage, low fertility of the shallow 
soil, lack of water supply, salinity and alkali conditions, 
damage by wild animals and severe erosion. In the post- 
Independence period, some of these lands have been reclaimed 
by tractorisation and made to yield good crops by moans of 
good farm management practices. 

17,2.18 At the Indian Grassland and Fodder Research Institute, 
Jhansi and -soil conservation research centres of the Indian 
Council of Agricultural Research (ICAR), appropriate technology 
has been developed to establish rangeland or fuol/fodder 
reserves in such degraded lands. Pilot operational research 
projects on watershed basis covering 2000-3000 ha need to be 
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taken up to test the economic feasibility. Standard soil 
survey should be carried out to delineate different land 
capability classes suitable either for cultivated crops or 
grasses or forest plantations. Use of tractors on these 
difficult lands and terrain is attended with high cost and 
unfavourable benefit-cost ratio esp>ecially at the initial 
stage but in the long run/ good management can make these 
lands economically viable. 

Ravines 

17,2.19 Extensive degradation of land has occurred in 
Uttar Pradesh/ Madhya Pradesh/ Rajasthan and C3ujarat along 
the banks of the rivers of north-central India/ namely/ the 
Yam\ina/ the Chambal/ the Mahi, the Sabarmati and their 
tributaries. There is no historical record to show when the 
deterioration started but it is reasonable to assume that 
indiscriminate use of land leading to disturbance of the 
ecology has been one of the reasons for this degradation. 
Erratic/ short duration and high intensity rainfall/ loose 
and friable nature of the soil/ steep slopes and undulating 
terrain/ faulty agricultural practices/ illicit cutting of 
trees and bushes/ grazing of lands and similar biotic 
interference have combined to aggravate the situation/ 
ultimately resulting in deep gullieS/ commonly known as 
ravines. High flood level has contributed to the deepening 
and widening of the ravines. The rivers in high floods back 
up into the ravines, and hasten soil slipping. Prolonged 
inundation causes damage to protective vegetative cover. 
Ravine formation has removed fertile cultivable lands along 
the river banks of the region. The process once started 
continues with increasing speed. 
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17,2,20 The Planning Commission published in 1965 a study 

on survey and reclamation of ravines in India, More recently/ 

under the auspices of the Ministry of Home Affairs, Government 

of India, a Working Group was formed to review the ravine 

problems in the country nnd to formulate a programme of 

ravine reclamation. This Working Group has made a comprehensive 

2 

study of the problem and estimated the extent of ravines in 
the different States as indicated below: 


Uttar Pradesh, 

• • 

Ravine area 
(Lakh hectares) 

12.30 

Madhya Pradesh 

• • 

6.83 

Rajasthan 

• • 

4.52 

Gujarat 

• • 

4,00 

Maharashtra 

* • 

0,20 

Punjab 

• m 

1,20 

Bihar 

• • 

6,00 

Tamil Nadu 

• • 

0.60 

West Bengal 

• m 

1.04 


total 

36.69 


In the report of the Working Group the districtwise and 
riverwise distribution of the ravine lands in Uttar Pradesh, 
Madhya Pradesh and Rajasthan has also-been given. In 
Gujarat, the ravine affected lands exist in North, middle 

1. 1965, S-tudy bn Survey and Reclamation of Ravines in 

India,, Planning Commission, Government of India, 

New Delhi, 

• 1972, Report of the Working Group on Ravine 

Reclamation, Ministry of Home Affairs, Governiutiiic of 
India, New Delhi, 


2 
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and South Gujarat and the districts affected are Baroda, 

Kaira, Sabarkantha/ Banaskantha, Mehsana, Ahmcdabad, 
Panchmahal, Broach, Surat and Bulsar. The ravine lands in 
Gujarat have been categorised on the basis of ownership, e.g. 
privately owned ravine lands (60 per cent), Panchayat 
gauchar land (21 per cent) and Oovomment owned ravine lands 
(19 per cent). In other States the ravine problems are not 
as acute as in Uttar Pradesh, Madhya Pradesh, Rajasthan and 
Gujarat, 

17,2,21 The earlier efforts of ravine reclamation have been 
in the nature of (a) forest plantations of economic species; 
and (b) development of fuel/fodder reserves. Successful 
examples of these measures can be found in 'Fisher Forests 
Etawah (Uttar Pradesh), which were developed in the latter 
half of the nineteenth century. The afforestation of 
Gwalior (Madhya Pradesh) ravines in the early twentieth 
century is another example. During the early plan periods 
(1954-55), systematic research on soil and water conservation 
in ravine lands has been emphasised, A chain of regional 
soil conservation research centres has been established by 
the Central Government and three of them, being located in 
the ravine areas at Agra (Uttar Pradesh), Kota (Rajasthan) 
and Vasad (Gujarat), On the basis of work done at these 
centres, the ravines o£ tKeso areas have been classified 
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Specification 

Depth Bed width Side slope 




(m) 

Cm) 

% 

very snell and 

small gullies 

— 

18 

varies 

mediun gullies 


Z 3 

18 

8-15 

deep and narrow 

' gullies (a) 

Cb) 

3-9 

7-9 

18 

varies 

mostly 

steep; 

varies 


Pilot schemes on a watershed basis have also been taken up 
mainly in the nature of terracing land to be reclaimed With 
suitable drainage works, VThereas such work may be 
economical and suitable in areas with small and medium 
gullies, in deeper ravines involving heavy earth movement the 
cost will be prohibitive. The strategy for handling these 
deeper ravines has been laid down by the Ministry, The 
plateau and top areas of these deep ravine zones are 
reclaimed for cultivation making suitable soil conservation 
and water drainage arrangements on the fringes. Similarly, 
the valleys of the ravines including raised areas are 
suitably levelled for cultivation. The slopes of the 
ravines are used for forest and fodder development. The 
suitable species of timber^ fuel and fruit trees in use are 
ber (Zizvphus spo. ), dihin stick ( Morinoa pterloosperma ), 
khair ( Accacia catechu) ^ slssoo ( Palberqla ^Issoo ), siris, 
( Albizzia lebbek ), etc. At the Soil Conservation Research 
Centre, Vasad (Gujarat), successful plantings of lemon and 
bamboo in kotar lands have been possible. The Working Group 


1 1973 Bulletin of Indian Natioi al Science Academy, 

No.44/ p. 162. 
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of the Ministry of Pfomc Affairs has estimated in detail 
the cost of reclamation of some of these ravine areas as 
indicatt-d in Appendix 17,3. 

17.2.22 The problem of ravines has assumed urgency because, 
they are fast spreading into cultivated lands, in Madhya 
Pradesh alone, 700 hectare of good table land is 
degenerating into ravines every year. This deterioration 
has affected not only the agricultural land but also 
habitations, roads, railways and other public properties. 

The other problem is the presence of antisocial elements in 
the ravines which provide escape routes and hideouts for 
the dacoits. The active erosion problem in ravine lands needs 
to be seen in the background of the economic loss apart 
from social considerations mentioned above* It has been 
estimated that the production potential of ravine areas in 
Uttar Pradesh, Madhya Pradesh and Rajasthan alone would 
amount to 3 million tonnes of foodgrains annually. In 
addition, fruits, fodder, fuel, timber and; industrial raw 
materials can be produced. On a conservative estimate the 
country is losing a total output worth about Rs 157 crores 
a year by failure to reclaim and develop the ravines, 

17,2,23 The estimate of ravine lands given in 
P^^agraph 17,2.20 is not based on systematic survey and 
as such there is an urgent heed to carry out standard 
soil survey in these areas for the purpose of differentiation 
of the various soils and classes of ravines and mapping 
them in a suitable scale. For whatever areas aerial 
photographs are available, they should be interpreted to 
find out the extent, vegetative cover and other physical 
features, characterising a particular ravine system. Where 
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aerial photographs do not exist urgent steps should be taken 
to photograph those arc^s In the scale of 1:15/000. 
Photolntcrpretatlon will help classification and delineation 
of areas needing priority treatment. 

17.2.24 The Royal Commission on Agriculture had recognised 
ravine problem to bo of special significance and suggested 
that continued afforestation of the ravine tracts should be 
taken up as the main remedy for soil erosion. The Government 
of India constituted a Central R*vlne Reclamation Board in 
1967 to ensure ravine control on proper lines and a more 
rapid development of the areas. The national policy on 
reclamation of ravine lands consists of two broad objectives/ 
namely (a) to arrest further growth of the ravines and save 
the valuable tablelands above; (b) to utilise the already 
reclaimed land for productive purposes whether for cultivated 
cropS/ grasses/ horticulture/ forestry or industrial raw 
materials depending upon land- capability and the practical 
considerations of social and economic conditions. For the 
purpose of tackling ravine problems the follov/lng aspects 
received consideration: 

1) survey and planning; 

11) ravine classification and land use; 
ill) ravine stabilisation; 

Iv) land rights and transfers; 

v) social problems; and 
vl) operational research and evaluation. 

17.2.25 The Board with two sub”conmittces for Madhya Pradesh 
and Rajasthan sponsored schemes of pilot projects for ravine 
reclamation for agriculture and afforestation. During the 
years 1970—71 and 1971—72, a total of 3,300 hectar® were 
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reclaimed in those pilot projects in Madhya Pradesh, 

Uttar Pradesh, Rajasthan and Gujarat and during 1972-73 
reclamation of 2,p00 hectartswas projected. The progress 
of State sector schemes of ravine reclamation is presented 
in Tabic 17,2 

Table 17.2 

Ravine Reclamation since First Plan 1 
upto 1970-*^! in the State Sector Schemes 

(thousand hectar>;.s) 



Ravine 
reclama tlon 
for aariculturc 

Ravine 

afforestation 

Tctal 

Uttar Pradesh 


23.75 

23.75 

Madhya Pradesh 

3,10 

5.98 

9.08 

Rajasthan 


3.69 

^.69 

Gujarat 

0.78 

12.42 

13.20 

total 

3.. 88 

45.84 

49.72 


In reply to our questionnaire only Gujarat has provided 
data on the progress of ravine reclamation from the Third 
plan to the end of the Fourth Plan as shown below: 


area surveyed ( 'OOQ ha) 

287,7 

area reclaimed for 


l) agriculture 

30.9 

il) afforestation 

18.5 

expenditure (Rs lakhs) 

365.7 


1 Report of the WorXlng Group on Ravine Reclamation, 

Government of India, Ministry of Home Affairs, New Delhi, 
October, 1972, pp, 25—26, 
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17.2,26 The me-thods of reclamation adopted by different 
States are as follows: 

Gujarat: Ravine areas are treated on watershed 

basis; the table lands upto 3 per cent 
slope are bunded and good conservation 
farming practices are followed; the 
marginal areas are reclairtlod and 
stabilised with soil conservation measures 
like diversion bunds# contour and 
peripheral bunds with suitable drop 
structures for surplus \/ater disposal; 
the ravine areas are reclaimed for 
agriculture# horticulture# pastairo 
development and afforestation according 
to land capability classes, - ' 

Uttar Shallow and medium ravines are reclaimed' 

Prade^ : for agrlou.ltural purposes; after detailed 
svirvey the terraces of suitable width are 
developed and the interspaces are 
levelled with suitable grading; proper 
masonry and. grass outlets are provided 
•to drain out'the excess runoff/ these 
operations are done both mechanically and 
by manual labbur; after 'the mechanical 
-operations suitable agronomical .practices 
are followed; hor-ticultural crops are 
raised with sitable provision of contovir 
bunds with nocessairy grades; reclamation 
of deep ravines for agricultural or 
hortlcultural purposes not being 
economical# this is usually put to, grass 
and forest development. Check dams and 
gully plugs arc provided with suitable 
outlets mainly in the form of grassed 
waterways, 

Madhya After initial detailed suirvey# shallow 

Pradesh: ravines are treated wi'th measures like 

easing of slopes# .levelling of hillocks# 
cons-truction of diversion bunds# 
engineering structures, gully plugging# 
irrigation channels and water drainage; 
deep ravines arc tackled by the forest 
department for the purpose of afforestation 
and stabilis.ption, 

Rajasthan: The medivxn ra'-^irics arc fenced for 

protection against biotic interference; 
diversion bunds of 700 metres long are 
provided at distance of twice the dop'th 
of the ravine with a cross section of 
1,7 sq, metre; this completely diverts . 
the runoff which o-therwisc cuts further 
the active gully heads; the runoff so 
developed is safely disposed of by means 
of spillways; the steep ravine heads ,are 
stabilised by sloping in the ratio of 
1:1 which helps establishment of good 
cover. 



land reclamation, to transfer it from a wasting asset to a 


valuable one. Kotar villages arc mostly agrioi Itural, 
Dairying is practised as a complementary vocation and 
raising grass is of paramoxint importance. The land use in 
is mixed afforestation l.e., establishment of an 
orchard-grass—tree system. 

17.2.28 It is of utmost irrportance to subdue the effects 
of runoff in the watersheds of the various ravines. It is 
imperative to tackle the watershed l^eglnning from the water 
divide line to the confluence of the ravine with the main 
yiver. Unless the whole of the watershed is treated 
inclixaing the ravines from the gully head to the bottom, 
isolated works would be in danger of being washed away and 
lead to no benefit- land ownorshlp boundaries and individual 
field boundaries would come in the way of scientific 
pl-anning of ravine land reclamation. It is, therefore, 
nocossajry that land consolidation and settlement operations 
are simultaneously undertaken. Planning should be done 
without regard to property lines and the project executed 
Tceaping the interest of the area as a whole. The 
redistribution of the owned property may be done giving 
full consideration to various types of measures taken and 
the ultimately prepared benched terraced cultivable lands. 
Areas considered suitable for horticultural pu^oses 
should similarly be planned on contours and redistribution 
done in such a way as to cause minlm\*n interference in 
the management of not only irrigation water but also in 
planning and controlling the runoff of rain water. Even 
the areas unsulted for raising food and horticultural crops 
and recommended for forestry should be subject to runoff 


management 
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17.2,29 The cost of reclanutlon of ravine lands varies 

•according to the 1 tetri of work undertaken. In Gujarat the 

cost of construction of cornpos^te chock dam has been reported 

to bo about Rs.672 per unit and the cost of terracing around 

Rs 1,000 per hectare working out to an average cost of 

Rs 1,875 per hectare. In Uttar Pradesh, the cost of 

'reclamation by mechanical moans comt s to about Rs 5,000 per 

hectare and through manual labour nearly half the amount. 

Afforestation cost varies from te 442 to Rs 74o, With the rise 

In prices, the present reclamation cost per unit area Is 

likely to be higher. The affected States have, however, 

indicated that the reclaimed land Is valued many times more 

than the original cost of the ravine land, and reclamation 

Is likely to be economical. Madhya Pradesh has indicated 

that the not profit after nuking-allowance’ for maintenance, 

% 

defJrcclation, interest etc, comes to about Rs l,5oo to !’$ 2,CX)0 
per hectare. The economic benefits should not be the sole 
consideration In the reclamation of ravines. Poverty Is 
rarr^jant in the area and has to be banished. Besides, the 
antisocial elements inhabiting the area and disturbing 
peaceful living in the neighbouring countryS'lde require 
to be transformed into social beings and peace in the 
r4gion restored. At present hundreds of habitations and 
their valuable tablelands are threatened with marching 
ravines which are taking a toll of about 8,000 hectares of 
valuable agricultural land every year costing nearly 
Rs 4 crores. In view of the above, ravine reclamation 
should receive national priority arid the investjnent should 
not be denied on account of narrow or unfavourable 
benefit—cost ratio. The Working Group of the Ministry of 
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liuine Attairs has made a perspective plan for ravine 
reclamation with which we are in full agreement* 

Riverine Land 

17.2.30 The heavy sediment load carried by rivers in India • 
and steep slopes they have to negotiate cause meandering 
action and serious, bank erosion. This is especially so 
with the rivers originating in the Himalayas. Fertile 
areas with flourishing crops, orchards, towns and cities 
on the banks of the rivers arc often eroded by meandering 
streams. DependIng on the course of the rivers and the 
speed of flow, they deposit large quantities of sediments 
on way to the sea. Gradually land masses are forwod 
which remain for some part of the season at least above 
the flood level. Such riverine lands are called Khadar in 
North India, Diara in Eastern Uttar Pradesh and Char in 
West Bengal. It has been estimated that about 15 and 9 lakh 
hectares of such lands occur in Uttar Pradesh and Bihar 
respectively. These lands run along the river course but 
their width varies with the flow characteristic of the 
rivers. Iho Kosi river, for example, before the 
c!mban)ancnts were constructed,, continued to shift its course 
in a wide belt. The areas under riverine lands can be 
reclaimed by canalising the river flow. Sutlej river, 
for instance, has a wide stream-bed of 8 to lO km in width. 
During 1962-65, embanlonents were constructed and the 
Sutlej river, in this vulnerable stretch, has been 
canalisod to confine its flow to a narrow channel, 
reclaiming thereby one lakh hectares for oiltivation. 

Another exartplc is the Beas riverine land. Here the 
flood embankment has been constructed, reclaiming thereby 
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^bout 25/000 hectares of riverine wasteland for cultivation. 
Constructing similar cmbanlcmcnts on vulnerable stretches of 
the rivers Ra'(^i and Jumna, 2 5,000 to 30,000 hectares of 
riverine wastelands can be brought back to profitable 
cultivation. Other examples are Patiala Ki 'Rao* and Janta 
Devi Ki 'Rao' (Khankot Nadi). They used to flow through the 
districts of Ambala, Patiala and Sangrur, and then joined 
Ghaggar river. These 'Raos* have since been diverted into 
the Sutlej river via Siswan, In consequence, large areas of 
land formerly lying under water on both sides of these 'Raos' 
and also the stream-bed are gradually being brought under 
cultivation. Such areas on each 'Rao' are estimated to be 

t 

at least 12,000 to 15,000 hectares. Further, Jhambowali 
'cho* which rises from the spills of Patiala Ki 'Rao' and 
Janta Devi Ki 'Rao' would nov/ become a, tiny local .drainage 
channel releasing cabout 10,000 hectares of it's ; former bod> 
which can be brought under plough, - In view of the above 
facts, it is rccorrmended that in multiple channel, rivers 
occupying vast areas under their beds, the subsidiary 
channels should be diverted, wherever feasible, into the main 
river and the land under the bed be reclaimed for profitable 
land use. It is further recommended thcat rivers on which 
dams have been constructed to effect flood moderation, the 
canalisation of such rivers may be effected downstream of the 
dam, • wherever feasible, in bringing back large areas of 

r I • 

riverine wastelands for profitable land use. 

17,2,31 Huge sediment load is carried by-hill torrents called 
the 'chos', emanating from the Shiwaliks, These sediments 
got deposited when the 'cho' emerges in the plains where the 
'cho' divides and subdivides and ultimately disappears after 
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about 20-25 km from the foothills. In the course of such 
actions, 'chos' deposit thick blankets of coarse debris, sand 
etc. over the green fields. Such devastations of ‘cho* in 
Punjab calone have affected about 2,5 lakh hectares of fertile 
land. Out of this, 1,8 lakh hectares occur in Hoshiarpur 
district alone. There arc about three lakh hectares in all 
under 'chos' and 'khads ' mostly in the districts of Hoshiarpur 
of Punjab, Ambala of Haryana and Kangra of Himachal Pradesh, 
The 'cho' damage Is on the increase every year. In 30 years' 
time, from 1850 to 1880, the area damaged by 'chos' in 
Hoshiarpur district alone increased from 20,000 to 35,000 
hectares. Various 'chos' of the 'Katar Dhar' range in 
Hoshiarpur district have, however, been canalised by suitably 
training these hill torrents around Hoshiarpur cit/ for its 
protection. It is therefore recommended that wherever 
feasible, the technique and experience already available in 
grouping 'chos' (hill torrents) for their canalisation and 
reclaiming the 'cho' devastated land for better, land use 
should be adopted extensively. 

Coastal Sandy Land 

17.2.32 India has a long coast lino of about 5,600 km. Sea 
and wind erosion, specially during the monsoon, is serious 
and extensive. The problem is acute mostly in the eastern 
coast of Orissa and western coast of Kerala, Apart from the 
injuries of saline sea wind, the shifting coastal sand causes 
serious damage to agriculture. Annually, fertile good land 
suffers from blown sand. Coastal erosion involves intimate 
knowledge of the physics of sea and oceanography. At the 
global level, USA has carried out intensive work in this 
field, but i't Is comparatively a new discipline in India. 
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A research unit on the lines of the 'Beach Erosion Board' of 
USA has already been set up to study sea erosion in Kerala 
coast to develop suitable control measures, 

17.2.33 There are large areas along the coastal line lying 
under the sand dunes, especially in the coastal (districts of 
Tamil Nadu, Maharashtra, Gujarat and Orissa, The area under 
coastal sand dune is on the increase and the blown sand causes 
serious damage to the standing crops in its neighbourhood. 

The menace of blown and shifting sand in the coastal area 
intensifies during the cyclonic periods if the vegetative 
cover is poor or nil. Plantation of Casuarina on the sandy 
foreshores bcackcd by coconut, cashewnut and Eucalyptus further 
inland can considerably minimise the problem of blown sand, 
as Tamil Nadu experience has shown. 

17.2.34 Extensive coastal sandy areas which are partly 
saline are lying unutilised along the long coastline. The 
problem occurs in varying degrees of complexity in West Bengal, 
Orissa, Andhra Pradesh, Tamil Nadu, Karnataka, Kerala, 
^'^harashtra and Gujarat. The eastern and south-western 
coastal areas receive moderate to high rainfall, whereas the 
rainfall is low with an arid typo of climate in Gujarat 
coast. The area affected is roughly estimated to bo between 
50 and E30 thousand sq kms, at least about half of which is 

amenable to reclamation. Here also, plantations of Casuarina . 
eucalyptus and coconut would be useful. We, therefore, 

recommend that using available technology, plantations of 
Casua^in^ eucalyptus, coconut, cashew, chikku, etc. should 
bo taken up extensively for profitable land use and controlling 
erosion in the coastal tracts. 



311 


Stony Tind Gravelly Lands 

17.2,35 Such lands lying waste are normally found on rolling 
topography and plateaus which have been subjected to heavy 
grazing or indiscriminate felling of trees. Lying without 
adequate vegetation, they are severely eroded. Soils in such 
lands are generally acidic and can be made productive by 
liming. It is, therefore, recommended that stony and 
gravelly lands should be closed to grazing for a few years 
for establishing good vegetative cover before controlled 

grazing is allowed. 

Latcritic Soils 

17.2.36 Extensive areas of land measuring about 12 Mha and 
consisting of lateritic soil have been identified in Kerala, 
Tamil Nadu, Karnataka, Andhra Pradesh, Orissa, Bihar and 
West Bengal, These are highly leached ferruginous soils, 
poor in fertility, low in water retentivity and high in 
phosphatic fixation. As the soil depth becomes shallow, 
sol 1-plant-water relationship becomes precarious for 
successful establishment of vegetation. There is possibility 
of growing certain trees and grass etc, in these areas but 
no extensive attempt has been made in this direction. 

High Altitude, Steep Slopes and Meadows 

17,2.37 Extensive areas occur on high altitude over steep 
slopes or as overgrazed meadows, specially in the Himalayan 
region. Serious soil erosion takes place there under 
injudicious land use. They constitute the spots which 
contribute most to the heavy silt discharges from the 
Himalayan watersheds and thereby endanger the life of 
multipurpose reservoirs. Urgent measures, therefore, need 
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to be taken to put such areas under permanent cover of suitable 
grasses and trees. In vievj of difficult terrain and 
accessibility, practically no effort has been made to 
revegetate such landscapes on the high altitude and on steep 
slopes. Similarly, valleys in higher elevations with peaty 
soils have not yet been fully utilized. Success achieved in 
the high-altitude agronomy at Lch farm has opened up avenues 
for further research and development leading to higher 
agricultural production in such areas. Similar attention 
needs to be paid for increasing production from alpine 
pastures and meadows. 



3 REVIEW OF Wasteland 

RECLAMATION AND UTILISATION 

17.3.1 The problem of reclamation and utilisation of 
wastelands is complex. Some of the causes of the origin of 
wastelands are overgrazing and indiscriminate cutting of 
forest trees which upset the ecological balance. Once the 
cover is destroyed, soil erosion starts and later on it takes 

many years and much capital investment before the land is. 
restored to economic use. The wastelands, if properly 
treated and managed, will supply valuable fodder for cattle, 
fuel for the villagers and raw material for industry. 
Development of such nonarable land resources will thus develop 
rural economy Including agricultural, animal husbandry rand 
industrial activity. The conservation and development of 
wastelands requires a close cooperation of the State Forest 
and Revenue Departments and the local community which has 
been lacking hithOT-to, We, therefore, recommend that the 
causes detailed in earlier Sections, which contribute to the 
formation and deterioration of v/astclands should be examined 
by the ccnccmcd State departments in order to chalk out a 
right strategy for its reclamation. This will prevent more 
land going waste and- reclaimed lands from losing their 
productivity. We also recommend that schemes for development 
and utilisation of the wastelands should be formulated jointly 
with the Eorest Department, the Revenue Department, . the Zila 
Parishad and similar institutions, 

17.3.2 In June, 1959, the Government of India constituted 
the Wasteland Survey and Reclamation Committee to make a 
survey of the land classified as ’’Other uncultivated land 
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fallows" and to locate areas where large blocks of land in 
areas of more than lOO hectares arc available for reclamation 
and resettlement and to suggest suitable measures for these 
purposes. The Committee conducted a detailed survey of 12 
States, viz,/ Punjab (including Haryana), West Bengal, Bihar, 
Karnataka, Andhra Pradesh, Madhya Pradesh, Kerala, Tamil Nadu, 
Uttar Pradesh, Jammu & Kashmir, Maharashtra and Gujarat, In 
these States, the area of wastelands available for cultivation 
in blocks of loo hectares or more is reckoned at nearly 6.4 
lakh hectare^, as detailed below: 

thousand hectares 


Punjab (before 


121,86 

reorganisation) 


West Bengal 


45.46 

Bihar 


35.46 

Karnataka 


47.33 

Andhra Pradesh 


75.57 

Madhya Pradesh 


102.05 

Kerala 


2 2.37 

Tamil Nadu 


15.39 

Jammu & Kashmir 


5.17 

Uttar Pradesh 


12 4.64 

Maharashtra 


17.21 

Gujarat 


2 8.43 


'total 

640.94 


The existing data are not, however, sufficiently reliable and 
lands classified as culturable waste at the time of settlement 

1. 1975. Land Statistics of India, Soil Conservation Division, 

Ministry of Agriculture and Irrigation, New Delhi, p.53. 
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often continue to be shown as such in the revenue rccojrds, 
long after they have come under cultivation. The Committee 
noted that the data under the head "culturable waste” serves 
little purpose but detailed information should be available 
about the type of wastelands in each State# the ownership of 
such lands# their availability in sizeable blocks and the 
cost of reclamation measures envisaged. The Committee has 
recomnended that rapid reconnaissance survey should be 
conducted for factual information. 

17.3.3 A Centrally sponsored scheme was started in 
August# 1971# for carrying out surveys of wastelands in blocks 
less than lOO hectares in the States. In locating and 
surveying wastelands for agricultural use# the Important 
factors for consideration wcrei depth of the soil# 
availability of irrigation water# erosion factors and slope 
of the land. The extent of culturable wastelands in blocks 
of less than 100 hectares identified as suitable for 
cultivation after reclamation upto March 31# 1969, is about 

2.3 Mha in different States# as given in Table 17.3. 

Table 17.3 

Culturable wasteland in block^ 
of 5 ha and above upto lOO ha 

(thousand hectares) 


State 

Area located 

Assam 

133 

Bihar 

77 

Gujairat 

174 

Himachal Pradesh 

1 

(table contd.) 


1975. Land Statistics of India# Soil Conservation 
Division# Ministry of Agriculture and Irrigation# 


New Delhi# p. 61. 
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(thousand hectares) 


State 

Area located 

Karnataka 

180 

Kerala 

83 

Madhya Pradesh 

92 8 

Maha r.a s h t ra 

157 

Orissa 

130 

Punjab 

59 

Rajasthan 

266 

Tamil Nadu 

27 

Tripura 

54 

Uttar Pradesh 

19 

West Bengal 

8 

total 

2,296 


17,3.4 The ultimate aim of the surveys mcnticncd above 
is to find Suitable use of these lands for cultivation, or 
growing gras^ pastures, afforestation, etc. To meet this 
objective the survey of wastelands must provide the necessary 
Information, There are large areas of wastelands which, 
under present conditions, are not cultivable due to certain 
limitations but could be brought under the plough with 
suitable reclamation measures. It is, therefore, necessary 
^o categorise the,culturablc wastelands according to the 
feasibilities of reclamation within economic'moans, ,It is 
imperative that the reports of the Statewise survey and 
categorisation of wastelands are examined for the purpose of 
utilising them in accordance with their capabilities bearing 
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in mind at the same time the local demand for grass, pasture, 
fuel, fodder and small timber along with food crops. In this 
connection we refer to paragraph 17.3,9 and 17.3.10 below 
and to our Interim Report on Social Forestry, wherein we 
have recommended that wastelands in compact blocks of 20 ha 
should be brought under mixed forestry, for instance, for 
raising grass and loaf fodder, fruit trees and fuelwood 
trees. The categorisation of all wastelands in the country 
in blocks less than lOO hectares should be con^letcd as a 
Centrally sponsored scheme on a priority basis. We recommend 
that the use of aerial photographs and remote sensing 
techniques for survey of wastelands should be adopted. The 
interpretation of the aerial photographs and that of soil 
survey reports of wastelands should conveniently be done on 
a uniform basis. We arc of the view that during the soil 
survey of wastelands, data on water table should be^ollected 
and compiled since these data would help in better and more 
economic utilisation of land. 

17,3,5 Land is lying waste along railway lines for which 
no systematic records are maintained. It calls for some 
organised action. We feel that extensive areas lying 
unutilised or undemtilised along the railway lines, national 
highways, rivers, canals, etc. should be survey6K3 and utilised, 
after reclamation where necessary according bo land use 
capability. For effective implementation of any action 
programme based on such surveys, it v/ould be necessary to 
have a coordination committee consisting of representatives 
of the concerned Ministries/departments at the Central 


level 



318 


17.3«6 The planwise progress of land reclamation for 
resettlement is detailed below: 

(million hectares) 


First Plan 

1,13 

Second Plan 

0,93 

Third Plan 

1,82 

1966-67 

0.12 

1967-68' 

0.14 

1968-69 

0.16 

1969- 70 ) 

1970- 7ij 

0.16 

1971-72) 

1969-74 (target) 

0.365 

total (anticipated) 

4,665 


Wastelands which belong to Government are allotted mostly 
to land^ss agricultural labourers and ex-servicemen v;ho have 
the necessary background in agriculture. These people do not 
have the financial resources which arc required for the 
reclamation of wastelands. During the Third Five Year Plan, 
schemes to resettle 3.31 lakh families were approved by the 
State Governments, Out of the above, till the end of the 
Third Plan and upto March 31, 1969, a total number of 1,11 
lakh families were resettled as per statewise details given 


in Table 17,4 
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Tabic 17.4 

Progress of Reclamation of Wastelands 
and Resettlement of Landless Agricultural 
Labourers (upto March 31, 1969) 1 


State 

r ' 

Area reclaimed 
and allotted 
(in hectares) 

Families 

resettled. 

(number) 

Expenditure 
incurred 
(Rs lakhs) 

Andhra Pradesh 

3,230 

3, 362 

7.80 

Assam 

380 

441 

8.75 

Bihar 

19,2 90 

16,175 

23.00 

Gujarat 

19, 647 

7, 699 

80.97 

Karnataka 

145 

140 

14.06 

Kerala 

8, 451 

4, 367 

29.75 

Madhya Pradesh 

31,811 

12,174 

80.47 

Maharashtra 

50,415 

20,361 

2 37.72 

Orissa 

674 

360 

6.20 

Punjab 

44,557 

40,039 

2.81 

Tamil Nadu 

7, 179 

^,ae2 

117.54 

Uttar Pradesh 

3,131 

2,892 

5.78 

Tripura 

82 7 

892 

Nil 

West Bengal 

91 

NA 

NA 

^tal: 

1,89,832 1, 

10,754 

614.85:, 

NA 

Or 

two lakh hectares 
aporox, 

- not available 




1975. Land Statistics of India, Soil Conservation 
Division, Ministry of Agriculture and Irrigation, 
New Delhi, p. 62, 
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Wliile distributing wastelands to the landless agricultural 
labour, ex-servicemen, etc, provision for necessary inputs 
to undertake cultivation and scientific reclamation, viz, 
agricultural implements, improved seeds, pesticides, irrigation 
and credit facilities should be made by the Government, 

17,3,7 Financial assistance to the extent of Rs 75o per 
family for the initial resettlement of landless agricultural 
families has been given by the Government of India in the 
pattern of 75 per cent as grant and 25 per cent as loan. The 
e3qpenditure on land reclaination is borne by the Centre and 
the State Governments on 5o:50 basis, subject to a maximum 
of Ps 75o per hectare. For bringing wastelands under 
cultivation heavy investment on land levelling, soil 
conservation and Irrigation etc. is needed. The average 
cost of land reclamation, where only jungle or shrubs are to 
be cleared and deep ploughing is to be carried out, comes to 
about Rs 2 5o per hectare. In the areas where land reclamation 
operations include soil conservation measures, levelling of 
land in addition to clearing the land and preparation of the 
seed bed, the cost of land reclamation comes to about Rs 750 
per hectare. The cost of reclamation of Khar lands comes to 
about Rs 1,250 per hectare in Gujarat and Maharashtra where 
large bunds upto 18,6 sq metros cross-section have to be 
constructed against Ingress of sea water, drainage facilities 
to be provided and soil amendment applied. The cost of land 
reclamation operations in places where the percentage of 

slope is very high and terraces have to be constructed 
varies from Rs 1,750 to Rs 2,000 per hectare. The cost of 

reclamation of shallow ravine lands ranges from Rs 750 to 
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Rs 1^000 and that for medium ravines Rs 2,000 to Rs 2,500 per 
hectare. The cost of reclamation has gone up these days 
appreciably. However, this, by Itself, is not prohibitory 
when it is corrpared with the current market price of the 
land as well as that of the produce from these lands. In 
the earlier times when the cost of agricultural produce was 
lew, the reclamation cost appeared to be relatively hi0i but 
the same is not true under the present conditions, 

17,3.8 The problem of building up soil fertility on newly 
reclaimed lands is a complex one. Where the Initial 
fertility of the soil has been high because of high organic 
matter content in the upper layers, the production in the 
first one or two years will be high. Soil fertility in such 
lands can be maintained by adding organic manures, chemical 
fertilisers and by adopting suitable cropping patterns. 

There are lands where the initial fertility of the soil is 
low. There are others the fertility of whose soils goes down 
due to exposure of the subsoil during land reclamation 
operations. The soil fertility in such lanc% can be irrproved 
by Ca) growing green manuring crops lake sunnherrp, guara/ 
dhaincha, etc. in suitable cropping patterns, (b) use of 
heavy dosages of organic manures and fertilisers, 

(c) application of amendments as required. "In the reclaimed 
areas the yield per hectare is quite conparable with that 
obtainable from the adjoining lands already under cultivation. 
The general observation is that if adequate fertilisers are 
added and irtproved practices adopted from the very beginning, 
the yield of these lands can be sustained at a good level. 

It is essential that necessairy soil conservation measures 
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are taken up at the time of reclamation of these wastelands 
and that such measures are maintained, otherwise the 
pi 70 ductlvir.Y will go down due cc erosion and other causes. 

17.3,9 The poor vegetation in the wastelands is the 
result of continued maltreatment of soil and neglect of the 
vegetative cover as a result of annual fires, overgrazing, 
repeated lopping or cutting of trees and shri^ihs „ The problem 
afforestation of wastelands' Is important from the point 
of view of not only Improving the.productivity of these areas 
but also from that of arresting their further deterioration. 

The species of plants and trees suited to the climatic zone^ 
and resistant to the various adverse, soil conditions have a 
good chance to establish, if bio-tic inte.rferences are reduced. 
Soil characteristics of wastelands, viz. shifting sand dunes 
in desert areas, saline and alkali soils, ravine lands, 
skeletal and rocky soils, denuded hill slopes, coastal sands, 
heavy black soil with or without.. 'Kankar' pans and waterlogged 

areas will decide the plant species which can be grown. 
Afforestation of wastelands with fast growing species could 

be helpful in converting large areas of such lands for other 

useful purposes. In the earlier stages of development, 

afforestation of such wastelands should, therefore, be 

considered from the larger perspective of utilisation for 

protective purposes rather than for purely financial returns. 

17,3,10 There is an urgent need for attaining self- 

sufficiency in fodder, ruel, small timber and wood for pulp. 

In this context, country's wasteland or unutilised land 

offers great scope. We, therefore, feel that the reclamation 

of wastela nd may be planned to meet the above demands of 

'f-N- Srivastava and J.M. Cureshi (1972) . Suitability of Trees 
and Shrubs for Wastelands Reclamation - Bulletin, Ih-lian 
National Science Academy, No, 15; pp.7:'’-81 
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national importance. It is further recommended that the 
scheme for land reclamation and development, although 
transferred to the State fsectrr from the Iburth Plan 
should be treated as a Centrally sponsored scheme in 
future plans so as to attract.more concerted attention. 
Development of pastures in'Wastelands is intimately 
connected with the development of livestjck industiry. No 
improvement of the wastelands is p ;3sibie unless they are 
protected from unplanned use by men and animals. The 
carrying capacity of the grasslands mav be increased by 
developing pastures sown w.ith high yielding grass species. 

It is recommended that- 'n the wa"telanus , not suitable for .soil 
working and sov^ing of high yielding grasses, the fodder 
resources may be developed suitably in a few years' time by 
fencing and protection against grazing beyond their carrying 

capacity, and by introduction of rotational grazing. To 
enable the livestock Jndustry to develop faster than 
hitherto in hilly and desert areas, dovej.opment of pastures 
should be an important programme. We, therefore, recommend 
that in no case should such lands be disf-ributed among 
local landless and agricultural labourers., Often times, 
islands of cult.ivation occur amidst large tracts of 
wasteland. While planning reclamation for contiguous 
wastelands such sown areas are to b- included. We 
recorrmend that necessary legislation s'nould be enacted to 
enable consolidation of wastelands anclusive of the 
scattered patches of sown area and allot the displaced 
landowners alternative lands of equivalent value 
elsewhere in the vicinity of the affected villages. 
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17,3.11 Extensive areas affected by shifting cultivation, 

(jhumming or podu or kumri) occur as unproductive land in 
the tribal hills of North Eastern India, Orissa, Madhya 
Pradesh, Andhra Pradesh etc. In the worst affected areas 
of shifting cultivation, the loss of soil and vegetation 
present a desolate picture of barren hills. In consequence, 
the concerned tribal people only elce out a precarious living. 
Land affected by shifting cultivation assumes high priority 
in the schedule of land reclamation for increasing 
productivity. In this direction, integrated land development 
programmes using alternate or composite land use on watershed 
basis offers promise in uplifting the tribal economy in such 
areas. Detailed information on shifting cultivation and the 
methods of treating this problem have bean discussed in 
Chapter 18 on Soil and Moisture Conservation and Chapter 42 
on Production and Social Forestry, 



4 PROPOSAL FOR THE FUTURE 

17.4.1 With the pressure of population there is always an 
attenpt to reclaim and utilise wastelands of various kinds for 
cultivation. Past experience shows that sometimes the method 
of reclamation and the use to vAiich the land is put lead to 
greater deterioration of the soil leading to a situation of no 
return. For each type of wasteland there has to be a considered 
programme of reclamation which will gradually build up the soil 
and ultimately bring the land back to continuous productive 
use. The process may be long requiring lot of effort and also 
capital investment. There is no easy way to reclaim wastelands 
for productive use; but considering the value of a productive 
hectare of land today quite substantial capital investment will 
be justified in reclamation of wastelands. Luring the.last 
decade, various pilot schemes for reclamation of different 
types of wastelands that have been discussed in Section 3 have 
been tried out in different parts of the country. There are 
also traditional methods of reclamation vAiich have been used I 
for decades like the coastal mangrove area reclamation in the 
Balasore district of Orissa, An analysis of the traditional 
and the modern scientific approach to the problems will have to 
be made to evolve for each area a suitable package of practices. 

17.4.2 There has to be a systematic survey of the different 
categories of wastelands in the different states. Though from 
time to time a census of such wastelands has been attempted, 
the magnitude of the problem, has still got to be established 
in many of the States. Further, wasteland reclamation is going 
on continuously because of the pressure on land and the 
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situation cannot oe static at any time. If reclamation is not 
done scientifically wastelands may <leteriorate further leading 
to loss of productive area, Hiere Is^ therefore, a need for 
rapid survey of the position and systematic action to bring the 
wastelands into effective use in the best scientific manner 
possible. Each category of wasteland has its peculiar problems 
and special approach to its reclamation. An attempt has been 
made in the following paragraphs to suggest some further 
approaches to reclaim and utilise the different categories of 
wastelands described in Section 2, 

Land Infested with Shrubs and Bushes 

17,4.3 These areas arc best suited for fodder and fuel wood 
development. Iri our Interim Report on Social Forestry we have 
already drawn attention to the need for bringing substantial 
areas out of this type of wastelands into fuelwood and small 
timber plantation for meeting the needs of the expanding rural 
population and semiurban areas, The typo of growth to be 
encouraged will depend upon the e^qserts ' judgment as to 
the species that will be best suited to the agro—cj imatlc 
conditions of the area. There is a lot of Information availabl 
with the silviculturists and the forest research institutes 
about suitability of the fuelwood and timber species for such 
areas, A continuous updating of knowledge regarding the most 
remunerative and rapid growing species is required of the 
silviculturists in order to meet different ecogeophysical 
situations. The other important use to Which these lands can 
be put is to develop them into fodder reserves and rangelands 
for livestock raising. Under the community development 
programmes controlled grazing and cheap methods of fencing 
the blocks for rejuvenation of fodder have been tried out in 
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various parts of the country from the results of which 
knowledge about some of the best methods are available. in 
our Interim Report on Desort Development/ we have drawn 
attention to the need for rangeland development and fodder 
reserves in desert areas. Ihe methods of doing so have also 
been indicated. It will be necessary to systematically develop 
these wastelands into suitable fodder reserves and link up 
with intensive programmes of cattle and sheep development. 
Ravines 

17.4.4 Iho immediate necessity to stop the spread of ravines 
to the marginal cultivated lands has been emphasised in 
Section 2. Ibis requires some amount of land levelling on the 
plateaus and soil conservation and drainage works on the top 
fringes of the ravines. ihe estimate of the Working Group for 
this has been reproduced at items (l) and (2) in Appendix 
17.3. At the 1972 costs it would require an investment of 

Rs 69.5 crores. Iho draft Fifth Plan has made in the 
Central sector a provision of Rs 3 crores for this purpose. 
Considering that the ravine areas can be brought back into 
^^^^93ted agriculture by suitable Investment as has been 
explained by the Working Group and considering the scarcity 
of good cultivable areas in these regions, there is a need 
for rapid reclamation of the ravine areas in the four States, viz 
Gujarat, Rajasthan, Madhya Pradesh and Uttar Pradesh, 
in order to provide timber, fodder and cultivable land. 

Sand Dunes 

17.4.5 Sand Danes are prevalent in the hot desert areas 
of the Indian arid zones vbich occupy about 3.2 lakh sq km 

the States of Rajasthan, Gujarat and Hairyana. 



328 


Our Interim Report on Desert Development has dealt/ in detail, 
with not only reclamation of these lands in these desert areas 
but also their general economic rehabilitation. Ihere is no 
easy method of reclamation of sand dunes and of preventing the 
creeping of sand dunes into neighbouring cultivable areas. The 
main roGomm>endations made by us are 

i) With tJie water available during the first five 
years or so of the construction of channels in 
the command area of Rajasthan Canal the sand 
dunes in tlie command area and along the canals 
should be brought under grass and tree cover to 
stabilise them. 

ii) Qitside the command of Rajasthan Canal, surveys 
should be undertaken to determine the extent of 
works required for ti-ie stabilisation of shifting 
sand dunes which pose a threat to towns and 
railways and works taken up. 

iii) In the command areas of Rajasthan Canal, 

stabilisation of shifting sand dunes in compact 
blocks of 20 hectares and above should be taken 
up by the Government after enlisting the support 
of the village Panchayats vhich should be 
entrusted with the task of protection. The 
income from the sale of grass and trees including 
lops should be shared equally between the 
Governmont and the Panchayats. 

iv) As a support of afigorestation, grassland 

improvement and sand dune stabilisation programmes, 
the Forest Department should establish, on a 
priority basis, the base for research on different 
aspects of forestry in desert areas supplementing 
the efforts by the Central Arid Zone Research 
institute in this direction. Ihe Institute should 
also give adequate importance to research in 
forestry along with other agricultural problems, 

v) Sand dune stabilisation programine should be planned 
for 20,000 hectares in 15 years, the first 
preference being given to the smaller dunes (less 
than 1,5 metre high) vhich are the most active. 

Stabilisation of sand dunes will be a part of desert development 

and will have to be done from the canal areas outwards. Wind 

breaks and shelter belts have also been recommended to prevent 

further encroachment by sand dunes. 
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Waterlogged Areas 

17,4.6 Waterlogged lands contiguous to the sea coast have 
brackish water, They were alVays reclaimed either for crop 
cultivation or fish cultivation. The utilisation of mangrove 
forests in the Balasore coast and of the Bheri system of fish 
Culture in West Bengal are examples. Recently/ however/ both 
world experience and research done at the Central Inland 
Fisheries Research Institute (CIFRI) at the Kakadweop Centre 
in Sunderbans have shown that the most profitable use of these 
brackish areas is to develop controlled tank fishery development 
for prawn and certain highly priced brackish water fish like 
Bhekti/ Milk Fish/ etc. This new scientific way gives the 
hope that large areas along the coast can be employed for 
controlled brackish water fisheries. The method and approach 
have been dealt with in detail in the Chapter 37 on Inland 
Fisheries and Aquaculture, Similarly/ the fresh waterlogged 
areas can be brought back into cither good cultivation or 
fresh water pisciculture. The pilot scheme of the United 
Nations Development Programme (UNDP) in the Chambal area has 
established proper methods of bringing such areas into 
cultivation by suitable land shaping and key drainages. In 
certain parts of West Bengal/ such marshy areas are being 
transformed into effective fresh water fisheries where the 
composite fish, culture development by the Central Inland 
Fisheries Institute have been effectively used. Both the 
Chambal experiment and the methods evolved by the CIFRI 
show that capital invested either in reclaiming the area into 
cultivable lands or fishery tanks are both commercially 


economical. 
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17,4.7 Afforestation of those areas is of considerable 
economic importance. As regards troos/ the choice of species 
is influenced/ apart from. the. waterlogged condition/ by the 
nature of soil and climate. In general the growing of fruit 
trees should not be attempted in waterlogged areas/ epccept. that 
of guava which may grow Under condition of high water table. 
Poplar, certain varieties of eucalyptus, specially Eucalypt?AS 
robusta, lagerstroemia flosroginae Dalbcrqia latifolia , 
Barringtonia acutangula, Bischofia jayanica grow well in swampy 
areas. But all these trees require drainage prior to planting- 
Casuarina equisetifolia has grovm well on waterlogged sandy soils 
and on coastal flats. In areas liable to inundation Zizyphus 
jujuba, Butea monosperma and Acacia nototica can grow freely. 
Planting trues on ridges or mounds promotes their growth. To 
make such plantations profitable, they have to be on extensive 
areas. Waterlogged lands can also be utilised for growing 
certain grasses and sedges. Amongst the grasses for fodder 
which would grov/ on such lands may be mentioned Para, Efellis, 
Napier and Guinea. For making mats Korai and Murta can be grown 
while Sachl-iarum mun1a can be grown and'-used for thatching,^ 
Saline and Alkali Soils 

17.4.8 On -the basis of researches done at the Ccn'tral Soil 
Salinity Research Institute, (CSSRI), Karnal, a large scale 
reclamation project of saline sodic soil in the country has 
since been proposed by the Department of Agriculture, Ministry 
of Agriculture and Irrigation in the Fifth Plan proposals, 

1. Planning Commission (1963) Study of Wastelands including 
Saline Alkali and Waterlogged Lends and their Reclamation 
Measures, pp. 135-141. 
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However/ the field problems of using brackish water in several 
areas for reclamation and "the design specification for costly 

drainage system still pose problems for cultivators' acceptance. 

Ihe cost factor involved in these reclamation measures for 
saline and sodic soils needs further investigation to bring 
within'the economic reach of the cultivators. Also 
alternative land utilisation methods by raising suitable 
grasses and economic forest species may have to be ejqjlored for 
reclamation and better utilisation of such land with less cost. 

In view thiS/ intensification of research at CSSRI/ I^rnal 
is recommended. In order to transfer tla.e available technology 
operational research projects are recommended to be taken up 
on contiguous problem areas of about 1/000-2/000 hectares with 
a view evaluating the economic feasibility of the practices 
under alternative land use. It is further recommended that 
research studies should be made for esqsloring the possibility 
of composite fish culture in dug out ponds in the salt affected 
land which generally has low permeability. 

Riverine Beds 

17.4.9 Ihc problems of 'Diara' land need to be investigated 
as a multidisciplinary research programme and suitable 
practices evolved for the management of sandy areaS/ flooded 

and waterlogged land and salty land, apart from evolving a suitabl 
crop and forage production technology, 

Chos and Khads 

17.4.10 Ihe reclamation of 'cho' devastated area has been 
taken up in Punjab and the flow of a group of 'Chos' upto the 
outfall has been successfully canalised as evidenced by the 
works done at Nasrula 'cho'/ Mallanwali 'cho' and Mechangarwal 





'cho'. Ihe Soil Conservation Research Centre/ Dehra EUn has 
also undertaken research studies in this area. Suitable 
vegetative-cuni-structural measures have been evolved as spurs/ 
bed stabilizers/ etc. Ihe more important result obtained at 
D^hra Dun is tl-ie economic utilisation of the bouldcry and 
abandoned 'cho' beds by means of fuel fodder plantations/ using 
such species as Dichanthium annulaturn/ Chrysopoqon fulvus/ 
CBlberqia sissoo Acacia Catechu . Efforts are being continued 
here to utilise such lands for plantation of bhabhar qrass 

i nps-i R binata ) and orchard trees of guava and budded ber 
etc. In view of the extensive nature of wastelands/ it is 

A 

necessary to intensify research for developing technology for 
successful establishment of permanent cover of economic species 
of fuel/ fodder/ inferior fruit trees and fast growing industrial 
species. Pilot research studies in large contiguous blocks 
should be undertaken to s-tandardise the management methods and 
to evolve working plans for maximising production and economic 
returns. There is also a felt need to improve further the 
design and specifications of costly structures in canalising 
the 'chos',. Intensive investigations on design specification/ 
material research etc. should be taken up to evolve cheaper 
measures for large scale canalisation of 'cho'. Irrigation 
research institutes and river researth institutes located in the 
'cho' affected areas and concerned agricultural universities 
may initiate coordinated programme of field investigations in 
this direction. 

Coastal Sandy Lands 

17.4,11 Orissa has done a lot of work in the reclamation of 
the sandy coastal areas by providing a windbreak of Casuarina 
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equisQtifolla along the coastline on the sandy tracts having 
a second line of windbreak and soil conservation through 
plantations of cashewnuts. In the third linc/ coconut 
plantations have been started. These plantations have been very 
effective as all the tiiree trees are economically most useful. 
Large scale reclamation of the coastal tracts along these lines 
is suggested, 

'■'tony and Gravelly Lands 

17,4.J2 Sizeable rocky and stony area lie as wasteland. 
According to the* land use capability classification, they are 
categorised as fit for no vegetation. Such wastelands can only 
be developed for recreation purposes and for developing them 
as ^feture reserves, No systematic research has yet been 
conducted on this aspect. As most of the rocky and stony areas 
lie under the jurirdic rc'.on of the torest QepartmentS/ it is 
important that the :iocGst Research Institute and the State 
Forest DeparLments inlticte research to develop these wastelands 
as recreation spots a ■'id dat.;r'-: re ervoa. 

Lateritic coils 

17,4,13 Extensive areas of sh'd.low latoritic soils lie as 
wasteland under sparse but uneconomic vegetation. Research is, 
therefore- to be taken up to identify suitable species and 
develop technology for increasing production from such lands. 
Scope for uti.llsing -tdiese lando have relatively thick 

soil cover may bo ejcDlored tnrwugl, research for fruit trees 
like cashew, wood apple^ aon;;._a Jack fruit and forest 
species like 'mahua'- eucalyptus- etc. Shallow soils are 
suitable for development of grasslands using fertilisers. 

The Indian Grassland and Fodder Research Institute, Jhansi 
should unciertnke suitable investigations for development of 
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grassland on those soils. In collaboration with tho State 
Governments pilot research projects for grassland development 
should be undertaken to transfer the available technology to 
the field. 

High Altitude Steep Slopes and Meadows 

17.4.14 Mention has been made of the research success achieved 
by the high altitude agronomy at Leh farm. In view of this it 
is recommended that research \>;ork leading to increased 
agricultural production and development of alpine pastures and 
meadows in high altitude locations should bo intensified. The 
Indian Grassland and Fodder Research Institute, Jhansi should 
take up this research work. Further, the Himalayan watersheds 
are very important for the most fertile Indo-Gangetic fslains 

of the country. They feed the river system and enrich the 
underground water resources. In view of this that the ICAR 
should intensify watershed research for soil conservation and 
proper land utilisation by suitably introducing crops, grassland, 
orchards and medicinal plants. Forest Research Organisations 
should intensify research to evolve comparatively fast growing 
forest trees suitable for this region. Multiple land use with 
a view to rationalising land use practices for watershed 
protection, reduction of silt discharges and saving the life of 
costly reservoirs, should also be initiated. 

Land Affected by Shifting Cultivation 

17.4.15 Shifting cultivation h^.s been practised from time 
Immemorial in the tribal areas of Assam, Manipur, Tripura, 

Orissa, Madhya Pradesh and Andhra Pradesh. As a traditional 
form of cultivation in a heavy rainfall area where weed growth 
is rapid, such a system of cultivation may have had its use 



335 


when population pressure was low and the Ihum area could be 
left fallow for a number of years. With population pressure 
developing/ the ihum rotation is becOTiing shorter and shorter 
and has led to rapid soil erosion. As a result in many parts 
of Orissa and Andhra Pradesh the bed rock has been ejqjosed. 
Eanger of landslides occur in the high rainfall areas of North 
East India, It iS/ therefore/ necessary to develop these areas 
with a production programme which whilst preserving the soil 
will gradually improve the economic conditions of the people 
of the area. Several programmes of reclamation are under way 
in these zones. Though the population utilising these lands 
is large for a podu or jhum rotation/ it is yet not too large 
for a programme of controlled reclamation and settlement under 
regular agriculture/ animal husbandry or forestry. TYie 
strategy outlined below has been developed after careful 
consideration of the pros and cons of the matter 

.i) rreclaiming land whore necessary and providing 
minor irrigation where possible so as to 
encourage settled cultivation in villages and 
on terraced slopes on the lines adopted by 
Savaras of Orissa and Angamis in Nagaland/ 
assuring at the same time inputs, fair price 
shops communication and marketing facilities; 

.ii) identifying areas suitable for plantation 

crops such as tea/ coffee, rubber. Which would 
give subsidiary occupation for a family on the 
basis of one hectare of plantation; 

iii) developing grass reserves to support a 

subsidiary programme of animal husbandry; and 

iv) developing suitable areas for agri-silvicultural 
operations, commercial forest plantations, 
which would give full occupation to a large 
number of village population. 

Because of the diversity of conditions prevailing in areas 
which are subject to ihum cultivation in the country, one or 
the other of the above strategies would apply. The correct 
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decision has to be taken after careful study of the situation 
and on the basis of available experiences. It should be admitted 

that the practice cannot be entirely eliminated but by gradual 

» 

adoption of the measures suggested above the evils of jhum 
cultivation may be minimised, dbe various States in the north¬ 
eastern region and the States of Orissa and hnflhra Pradesh have 
accepted these programmes which now form a part of the Fifth 
Five -Year Blan, An intensification of the programme can be 
taken up after the present programmes have been established as 
demonstrations of both suitable alternative employment and 
economic viability (vide Chapter 59 on %»ecial Area Development 
Programmes). 

17.4,16 The magnitude of the problem of land reclamation has 
been spelt out in earlier Sections. About 58 million hectares 
or more arc lying unutilised in the country and await reclamation 
for better and productive land use. The approach to the 
reclamation of different tracts of waste' lands is different; so 
'"^ill be the financial implications. Irrigation and measures to 
control floods, adoption of better water management practices, 
introduction of edntour bundling, terracing, sand dune 
stabilisation measures, etc, are some of the programmes Which 
are required to be undertaken. But at the same time, it ha*s to 
be recognised that there is a close interdependence among the 
various programmes to reclaim the wastelands. Ordinarily, 
irrigation facilities have to precede reclamation measures. 
Iherefore, a well coordinated programme has to be worked out. 
These elements make the task of precise financial estimates 
somewhat difficult. 

^7.4.17 ihom our Interim Report on Desert Development some idea 
can be had about the requirements of outlays for the development 



337 


of desert areas. We have estimated that a total amount of 
f'j 932 crores/ excluding the expenditure till the end of 
Fcurth Plan on the construction of Rajasthan Canal, Pong Dam 
aad new lift canals, may be required over a period of 15 years 
for the development of desert area. Of this, programmes 
e,;timated to cost about Rs 91 crores will have a direct bearing 
on land reclamation. Once the programmes recommended by us are 
undertaken, these would immensely help in the reclamation of 
desert areas in Rajasthan, Haryana and Gujarat. Uie Working 
Group of the Ministry of Home Affairs, Government of India^ 
or. Ravine Reclamation Programme for dacoit infested areas of 
Uttar Pradesh, Madhya Pradesh and Rajastlian ha.-j reccmma idod a 
7 year programme for the reclamation of 1.1 lakh hectares of 
ratine areas and for ancilliary ravine control covering 2,2 
lakh hectares in each of the three States. The outxay 
’"OGOTunended is of the order of Rs 94,5 crores for each State. 

Out of this, it has been recommended that the institutional 
finances should account for Rs 55 crores. It is also suggested 
that a part of the cost of bunding of table land may be 
realised from individual beneficiaries, 

17 ,.4,18 In a paper entitled "A Charter for the Land"^ tr. 
attempt has been-made to estimate the outlay involved, for 
ih.e country as a whole, in the development of land affected 
by various erosion hazards and maladies. According to the 
author of this paper, a total outlay of about Rs 23,000 crores 
will be required over a period of 30 years or more to 
implement various reclamation programmes. The details of 

lo 1972, Vohra B.B., Additional Secretary, Ministry of 

Agriculture and Irrigation (Department of Agriculture), 
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the outlay are qivcn in Appendix 17,4, The paper has alBo 
indicated that since 60 per cent of this outlay represents 
investment of a productive nature and^ can/ therefore/ be 
financed from institutional sources/ less than 40 per cent of 
this outlay will have to be met by the Government directly. 

These estimates require review in the light of present 
circumstances, 'Ihe above examples/ however/ give a broad picture 
of the large investment required to tackle the programme of 
reclamation. Although the total outlay required is very high/ 
the problcsn can be solved by staggering the programme over a 
long period and by tapping institutional sources/ realising a 
part of the cost from the individual beneficiaries and by inducing 
them to undertake certain programmes themselves, 

17,4,19 It will be noticed that the following land reclamation 
programmes arc substantially based on irrigation extension and 
irrigation control: 

.i) ravines; 

.ii) sand dunes; 
iii) waterlogged areas; 
iv) land with saline and alkaline soil; 

!v) river bods; and 
Vi) Ghos and khadins 

Ihese will comprise the bulk of the wasteland available for 
good reclamation. It is also tliese lands where reclamation costs 
may be high. The phasing of this dovelopruent has to be related 
to the phasing of the irrigation development in the country. In 
Chapter 15 on Irrigation/ we have ■ indicated that the full 
irrigation potential will be reached over a period of 50 years. 

As reclamation will have to be done after the irrigation system 
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materialises/ it will bo reasonable to phase the reclamation 
programme over a period exceeding 50 years. Though direct 
investment by the State during the fifth plan period appears to 
be small/ the various programmes that are being undertaken will 
be pilot programme for large scale extension of land reclamation 
in future. The main thrust of the programmes will be felt from 
the Sixth Plan onwards. The land reclamation programmes like 
ravine reclamation/ etc. which require irrigation support/ are 
on present indication commercially viable programmes. After 
reclamation the land will bear much higher value than the cost 
of reclamation. It should/ therefore/ bo seen that reclamation 
is substantially done through institutional investments availed 
of by persons to whom the lands tc:- be reclaimed is allotted. It 
may also be possible for a land reclamation organisation in a 
State to take up advance reclamation of an area and then selling 
the land at a fair price to settlers. We would recommend that 
the land reclamation programme should be attempted on either of 
these basis so that direct investment by the State is limited 
and substantial investment comes from the farmers themselves 
through borrowings from institutions for long term 
agricultural credit. If the farmer is enabled to reclaim and 
develop a part of his land/ it will generate sufficient return 
to enable him to undertake reclamation of the remaining parts 
of his holding in stages. We would also like to stress that 
in undertaking investments for reclamation social costs and 
benefits should be kept in view an-l not merely economic costs 
and benefits. Only then can the large scale programme we have 
envisaged be implemented within a reasonable frame of time. 



340 

17.4.20 According to the principles of growth with social 
justice/ marginal farmers and landless labourers will have to 

be brought within a reasonable production programme by inducting 
them on the lands v/hich have been reclaimed. The, State has been 
following a system of subsidising the capital costs for small 
and marginal farmers so that they can earn.straightaway an 
additional income from the programmes instead of having to wait 
for a decade or so before real profits accrue. At the same time/ 
where irrigated agriculture is possible subsidies can be 
substantially reduced; so also in the case of composite fish 
culture and brackish water fish.culture, Euring each Plan a 
suitable programme of reclamation witli allocations to the 
marginal farmers and labourers will have to be worked out by 
each State and necessary provisions made in the programme for 
such help as is thought desirable at that time for encouraging 
the poorer sections of the community. 

17.4.21 Land reclamation should form a part of area development. 
The planning, evaluation and coordination cell at the district 
level will have to do the base v/ork in identifying the lands 

and formulating programmes. With the help of the State planning 
unit/ the Central planning division will then have to formulate 
.tbe overall national programme keeping in view the relative 
needs of the States for land/ the needs of growth with social 
justice in the backward regions and depending on the funds that 
are available both for direct investment by the State and through 
the institutional sector. •For each plan period an operational 
plan will have to be drawn up on this basis. It has to be noted 
that quite a large area of wastelands which are suitable for 
reclamation are already held by tenants in various States, Once 
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the method of development is known and the necessary inputs are 
made available along with institutional credit/ it is to bo 
Gijqjocted that the owners of these lands v;ill themselves seek 

to improve their economy by taking up reclamation themselves 

. • 

instead of waiting for area programmes. Particularly in the 
field of reclamation of saline and alkaline lands and 
waterlogged areas' and also some marginal ravine areas, a lot 
of these individual enterprises can be expected, Ihis v;ill 
in our view add to the pace of the reclamation programme very 
substantially. Being parts of area development programmes, 
the organisation for carrying through the reclamation 
programmes will have to be the various area development 
authorities which have been recommended by us (cf Chapter 59 on 
Special Area Development Programmes), No separate organisation 
for planning and execution of land reclamation programmes seems 
necessary. Land reclamation will be one part of the overall 
area development, 

17.4,22 Land reclamation will require the help of tractors 
and machinery, and ejqDloi tation of the reclaimed areas will 
require substantial services and input s'applies. All these 
will have to be arranged as a part of their general work by 
the area development authorities through existing organisations. 
In the various States land development corporations, 
agroindustries corporations and departmental custom services 
have been organised and will be organised. In addition 
custom services are being developed through unemployed 
engineers and rural ent 'preneurs, Tac area development 
authorities will have to take advantage’ of these custom 
service organisations developing in the maral areas. There 
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is no ncod oithor for" a centxalised programme for land 
development or a centralised organisation for carrying out the 
programme. 

17.4,23 Land reclamation problems will vary from area to area 
depending on the agroclimatic conditions. The agricultural 
universities will have to provide the scientific guidance and 
investigational support in all problems that may arise locally 
as the programmes develop. Tliese problems will be extremely 
localised and are best tackled by the extension organisation 
suitably helped by the scientific staff of agricultural 
universities. Problems of research will have to be automatically 
dealt with by the university under the normal frame that we have 
recommended for formulating research programmes annually and 
carrying them out in Chapter 52 on Research, 



5 SUMT^RY OF RECOl'IMENEATIONS 


17.5.1 The important recommendations made in the chapter are 
as follows: 

1. In the command areas of major irrigation projects, 
where problems of waterlogging and salinity exist, apart from 
the provision of drainage, water courses and field channels, 
an economy in the use of water and e:q>loitation of ground 
water to lower the water table should be insisted. 

(Paragraph 17.2.7) 

2. Ihe areas liable to flooding and waterlogging in the 
country should be identified. They should be brought under 
suitable crops avoiding flood periods. 

(Paragraph 17.2,9) 

3. In areas where reclamation projects arc being 
launched, detailed mapping indicating classification of the 
self~affooted soils together with their characteristics should 
be initiated. 

(Paragraph 17,2,14) 

4. Reclamation of saline and saline-alkali lands should 
be attempted on a large scale in order to prevent infestation 
of soils from neighbouring areas. Physico-chemical 
characteristics of the soils should be periodically observed 
to enable modifications, if any, of reclamation methods, 

(Paragraph 17,2,16) 

5» A suitable subsidy may be given to small and 
marginal farmers owning alkali affected lands for purchase of 
gypsum for reclamation, 

(Paragraph 17,2.16) 


343 
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6- Pilot operational research projects on watershed basis 
covering 2,000-3y000 hectares of land should be taken up to 
assess the economic feasibility of developing rangelands. 
Standard soil survey should be carried out to ■'nnate 
different land capability classes suitable eitlier for 
cultivated crops or grasses or forest plant:-.J or.s. 

(Paragraph 17,2.18) 

7, There is an urgent need to carry out soil surveys in 
the ravine lands for the purpose of differentiation of the 
soils. For whatever areas aerial photographs arc available 
they should bo interpreted to find out tfie physical features 
of the land, characterising ravine systems. For tiiose areas 
for which aerial photographs do.not exist, urgdnt steps 
should be taken to have them, 

(Paragraph 17.2,23) 

8, Property boundaries and field boundaries should not 
be allowed to interfere in the way of scientific planning of 
raVino land reclamation. The land consolidation and 
settlement operations should bo simultaneously undertaken. 
Areas considered suitable fur hi->rticulturej crops should 
similarly be planned on contours' and redistributed to 
facilitate speedy development. Areas recommended for 
forestry should also be subjected to irun-off management. 

(Paragraph 17.2,2 8) 

9, The economic benefits should not form the sole basis 
in the reclamation of ravine lands, Povi_rty and the 
objective of curbing the activities of antisocial elements 
should receive due consideration. Ravine reclamation as 
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such should receive national priority and investment should 
not be denied on account of unfavourable benefit-cost ratio. 

(Paragraph 17,2.29) 

10, In multiple channel rivers occupying vast areas under 
their beds/ the subsidiary channels should be diverted, 
wherever feasible/ into the main river and the land under the 
bed reclaimed. The canalisation of such rivers on which dams 
have been constructed may be effected downstream of the dam so 
as to bring large areas of riverine waterlands for profitable 
land use, 

(Paragraph 17.2,30) 

11, Wherever feasible/ the technique and e:q5erience 
already available in grouping 'chos' for their canalisation and 
the reclamation of 'cho' devasted land for bettor land use should 
be adopted extensively. 

(Paragraph 17,2,31) 

12, About half the coastal areas, v^ich are. partly saline, 
v/ould be amenable to reclamation through plantations. Using 
the available technology/ coastal plantations of Casuarina , 
eucalyptus, coconut cashew, chikku etc, sh .’uld be taken up 

extensively for profitable land use, 

(Paragraph 17,2,34) 

13, Stony and gravelly lands lying extensively as waste 
land should be closed to grazing for a few years to establish 
good vegetative cover before controlled grazing is permitted, 

(Paragraph 17,2,35) 

14, Intensive research and development programmes should 
be taken up for evolving rational land utilisation and 
obtaining economic production from shallow laterite soils 
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through establishment of orchards of certain fruit trccs/ 
pl’an'tmtioris of quick growing fuel species or pastures and 
grassland. 

(Paragraph 17.2.36) 

15, Urgent measures should be taken to put steep slopes 
in the Himalayas watershed under permanent vegetatic.-'n and 
gj^asses ti,' prevent sr;il crosi..:n and heavy silt discharges from 
endangering life of reservoirs, 

(Paragraph 17.2,37) 

16, The causes of land lying waste shv;uld be examined by 
the concerned' State departments in order to chalk out a 
strategy for its reclamation. The' schemes for development 
and utilisation of "the wastelands should be formulated in 
coordination with the Forest and Revenue Etepartments and 
democratic insti'tutions like the Zila Parishad, 

(Paragraph 17,3.1) 

17, The categorisation of all wasteland in the country 
in blocks less than 100 hectares should be completed on 
priority basis as a Centrally sponsored scheme. Aerial 
photographs and remote' sensing techniques for survey of 
locating and planning the” use of wastelands sh'uld be adopted. 
The interpretation of the aerial photographs and that of soil 
survey reports of wastelands sh;.juld be d^jne on uniform basis 
so as to have uniform results. Daring the soil survey of 
wastelands/ data on v/ator table should be collected and 
compiled since these data would help in better and more 
economic utilisation of land. 

(Paragraphs 17,3,6 and 
17.3.7) 
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18, Extensive areas are lying unutilised or underutilised 
along the railway lineS/ national highways/ rivers/ canalS/ 
etc. Such land needs to be reclaimed and utilised according 

to the land use capability. For effective implementation of 
the programme/ it would be necessary to have a coordination 
committee consisting of representatives of the concerned 
Ministries/departments at the Central level. 

(Paragraph 17,3.5) 

19, While distributing wastelands to the landless 
agricultural labour/ ex-servicemen/ etc./ provision for 
necessary inputs to undertake cultivation and scientific 
reclamation/ viz./ agricultural implements/ improved seedS/ 
pesticides/ irrigatic;n and credit facilities should be made by 
the Government, 

(Paragraph 17,3,6) 

20, Afforestation of wastelands with fast growing 
species could be helpful in converting large areas of such 
lands for other useful purposes, in the earlier stages of 
development afforestation of such wastelands should/ therefore/ 
be considered from the larger perspective of utilisation for 
protective purposes rather than for purely financial returns, 

(Paragraph 17,3.9) 

21, There is an urgent need for attaining self- 
sufficiency in fodder/ fuel/ small timber and soft wood for 
pulp. In this context/ country's wasteland or unutilised land 
offers great scope. Reclamation of wasteland should be 
planned to meet the above demands of national Importance, 


(Paragraph 17.3,10^ 
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22, Tc) enable the local livestock industry to develop 
faster than hitherto in hilly and desert areas/ develop.T.ent 
of pastures should be an impi'.rtant programme. In no case 
should Such lands be distributed among local landless and ■ 
agricultural labourers. 

(Paragraph 17,3,17) 

23, Necessary legislation should be enacted enable 
consolidation of wastelands inclusive of the scattered patches 
of soWh area and allot the displaced land owners alternative 
lands of equivalent value elsewhere in the vicinity of 
affected villages. 

(Paragraph 17.3.10) 

24, Effcor.ts sh uld be intensified to bring substantial 
portions of wastelands under fuel and small timber plantations 
for meeting the needs of expanding rural and semi-urban 
population. 

(Paragraph 17,4.3) 

25, . A continuous updating of knowledge regarding the 
most remunerative and fast growing species is required in 
order tO’ 'suit different ecc>-geophysical situations, 

(Paragraph 17.4,3) 

26, Ihe available wastelands should be reclaimed and 
converted into suitable fodder reserves to support the 

V- 

intensive prcjgrammes of cattle and sheep development. 

(Paragraph 17.4,3) 

27, ' Po flic basis ::.f available tcchnc'^logy and past 
experience in the fields^ there is a great need for rapid 
reclamatic.'n of the ravine areas of Gujarat^ Rajasthan, 
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Madhya Pradosh and Uttar Pradesh in -jrder to provide 
timber/ fodder and cultivable land, 

(Paragraph 17.4,4) 

28, The recommendations made on sand dunes reclamation and 
stabilisation in our Interim Report on Desert Development are 
reiterated. 

(Paragraph 17,4.5) 

29. Researches cjn alternative and less e^qjensivo land 
utilisation metliods by raising suitable grasses and economic 
forest species may have to be explored for reclamation and bettor 
utilization of saline and sodic soils. In view of thiS/ there 

is a need for intensification of research at the Central Soil 
Salinity Research Institute/ ternal, Cperational pilot 
research projects should be taken up on contiguous problem areas 
of about 1/000-2/000 hectares with a view to evaluating the 
economic feasibility of tlie practices under alternative land 
use like agriculture. Studies should be made for exploring the 
possibility of composite fish culture in dug out ponds in the 
salt affected land which generally has low permeability, 

(Paragraphs 17,4,7 and 17,4,8) 

30, The problems of riverine wasteland known as 'Diara ' 
lands need to be investigated and suitable practices evolved 
for the management of sandy areas, flooded and waterlogged 
lanc^ salty land, apart from evolving a suitable crop and 
forage production technology, 

(paragraph 17.4,9) 

31. In view of the extensive nature of wastelands, it is 
necessary to intensify research for developing technology 
for successful establishment of permanent cover of economic 
species of fuel, fodder, inferior fruit trees and fast growing 
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industxial species. Pilot research studies in large contiguoi. 
blocks should be undertaken to standardise the .managenent 
methods and to evolve wor]N_ing plans for maximising production 
and economic returns. There is £-lso a felt need to improve 
further the design and specifications of costly structures 
in canalising the 'chos' Irrigation research institutes and 
river research institutes located in tiie 'cho' affected areas 
and concerned agricultural universities may initiate 
coordinated programme of field investigations in this 
direction. 

(Paragraph 17,4.10) 

32. Rocky, stony and hilly areas v/ith skeletal soil are 
not considered suitable for agriculture and forestry but can 
be developed for recreation purposes and Nature reserves. 

The Forest Research Institute and State Forest Departments 
should initiate research in this direction. 

(Paragraph 17.4.12) 

33. Research work should bo taken up to identify 
proper grass species suitable for wastelands occupied by 
shallow lateritic soils and develop technology for increased 
production from such lands. The Indian Grassland and Fodder 
Research Institute, Jhansi vshcjuId underbake suitable 
investigations for development of gx'assland on these soils. 

In collaboration witlT the State Governments pilot research 
projects for grassland development should be undertaken tr> 
transfer the available technology to.' the field, 

(Paragraph 17.4»13) 

34. Research work leading to increased agricultural 
production and for development of alpine pastures and 
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meadows at high altitude locatioi^ •hould be intensified at the 
Indian Grassland and Fodder Research Institute, Jhansi, 

(Paragraph 17,4,14) 

35, Ihe Indian Council of Agricultural Research should 
Initiate watershed research for soil conservation and proper 
land utilisation with a view to rationalising land use 
practices for watershed protection and reduction of silt 
discharges thereby saving the life of costly reservoirs. 

(Paragraph 17.4.14) 

36, Ihc rehabilitation of tribal people who practice 
cultivation in one form or the other may be attempted in 

one or more of the following ways: 

i) reclaiming land and providing irrigation, 
where necessary, and other inputs and 
facilities so as to encourage settled 
cultivation; 

ii) identifying areas suitable for plantation 

crops which would give subsidiary occupation; 

’iii) developing grass reserves to support a 

subsidiary programme of animal husbandry; and 

iv) developing areas for agri-silvicultural 

operations and commercial forest plantation 
which would give full occupation. 

(Paragraph 17.4,15) 

37, Land reclamation should substantially be done 
through institutional investments availed of by the allottees. 
Alternatively, it may also be possible for a land reclamation 
organisation in a State taking up advance reclamation of an 
annual area and then selling the land at a fair price to the 
settlers. Ihe land reclamation programme should be attempted 
on either of these basis so that direct investment by the 
State is limited and substantial investment comes from 
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the farmers themselves through borrowings fr- m institutions 
for long term agricultural credit. 

(Paragraph 17.4.19) 

38. The land reclamation should form part of area 
development and wc;uld not require any separate organisation. 
The Central planning division v/ill have to formulate the 
overall national programme, with the help of State planning 
LinitS/ keeping in view the rolative needs in the States for 
land/ .of growth with social justice and depending on funds 
available from the State invcstm.ent and institutional 
borrowing. 

(Paragraph 17.4.21) 



APPENDIX 17,1 


(Paragraphs 17.2.1 and 17.2,3) 

Extent of Waterlogged Areas as Estimated by 
Various Agencies 


(lakh hectares) 


National Sehgal and ^ Information Summary and 
commission Rattan Singh'*’ from other estimate 

for irri- (1972) sources of avail- 

gation® ' able data 


Punjab 

10,90 

• 

to 

- 

10.90 

Haryana 

6.20 


6.20 

Uttar Pradesh 

8.10 

6.90 

- 

8.10 

Bihar 

NR 

NR 

1.17 

1.17 

Rajasthan 

3.48 

NR 

- 

3.48 

Gujarat 

NR 

4.84 

0.60*^ 

4; 84 

Madhya Pradesh 

0,57 

NR 

0.33^ 

0.57 

Karnataka 

0,07 

NR 

o 

• 

o 

0,10 

Andhra Pradesh 

NR 

0,04. 

.3,39** 

3.39 

Maharashtra 

0.28 

1,11 

- 

1.11 

West Bengal 

18.50 

3.09 

- 

18,50 

Orissa 

- 

- 

0.60 

0^60 

Tamil Nadu 

- 

- 

0.18^ 

0,18 

Kerala 

- 

- 

0.61^ 

0.61 

Delhi 

- 

0.01 

- 

0.01 

Jammu & I^shmir 

_ 

0.10 


0.10 


59.86 


d) Waterlogging is not a serious problem in the States of Assam, 
Orissa, Andhra Pradesh, Tamil Nadu, Kerala and Gujarat, Th. ugh 
replies are not received from the States of Jammu & Kashmir 
and Nagaland, it is not a serious problem in those States 
except for some areas in Kashmir Valley, 

NR - Not reporteiVindicated 
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* In Shetrunj area alone. 

** Ihe area includes those under Nagarjuna Sagar Prrjject 
Cortimand area and in tlie deltas of the Krishna and the 
Godavari, 

1, Sehgal/ S.R. and Rattan Singh/ 1972 

Review of bibiliography on waterlogging and drainage. 
International Hydrologic Decade Newsletter/ India/ 

No,15 pp 13-40, 

2* Raj/ P.A. and Bapat/ M.V. 1972 

Symposium on Waterlogging/ Causes and Measures for its 
prevention CBIP Vol, 11/ Publication No. 118: PF 79-r88, 

3, Pandya/ G.S, 1972 

Symposium on Waterlogging>' Causes and Measures 
for its prevention CBIP Vol. II/ Publication No. 118; 
pp 53-62 

4, Achar/ H.P, and Bhadrapur T.G./ 1972 

Symposium on Waterlogging/ Causes and Measures for 
its prevention CBIP Vol. II/ Publication No, 118; 
pp 124-12 8 

5, Nagarajan/ D.K., 1972 

Symposium on Waterlogging/ Causes and Measures for 
its prevention CBIP Vol. II/ Publication No, 118 
pp 63-71 

6, Iyer/ V.L. and Narayanan/ K,S./ 1972 

Symposium on Waterlogging/ Causes and Measures for 
its prevention CBIP Vol. IT/ Publication No. 118 

pp 100-108 
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(Paragraph 17.2,11) 

Distribution of Saline/ Saline-Alkali and Alkali 
Lands in Different State si 


Statc/Union 

Territcjry 


Total area 
affected 


Soil 

group 


(‘000 hectares) affected 
lands 


Districts affected 
Saline Saline- 

eonditions alkali and 
alkali 
conditions 


Andhra Pradesh 


Bihar 


Gujarat 


Haryana 


2 

3 

4 

5 

240 

deltaic 

alluvium 

East Godavari 
West Godavari 



medium 
and deep 
black 
soil 

Krishna, 

Guntur 

Nizamabad, 

Karimnagar, 

ftohbubnagar, 

l^rnool, 

Anantapur, 

Guntur, 

Cuddapih 

4 

alluvial 

soil 

developed 
on Indo- 
gangetic 
alluvium 

i^zaffarpur 

SnahaDad 


1214 

coastal 

Katch, 



saline 

Jamnagar 



desert 
and grey 
brown 
soil 

Banaskantha, 
Mehsana, 
Ahmcdabad 
Surendranagar 



medium 
and deep 
black 

S'lii 


Broach, 

Surat, 

Bulsar, 

Bhavnagar, 

Kaira 

526 

alluvial 

soil 

developed 
on 3hdo~ 
gangetic 
alluvium 

Hissar 

Bhiwani 

Karnal, 

I^rukshetra 

Rohtak, 

Sonepat, 

Jind, 

Gurgaon 


Complied from the Working Paper prepared for the 
Commission by Dr. D.R. Bhumbla, Director, Central 
Soil Salinity Research Institute, Karnal 
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356 


1 


Karnataka 


Kerala 


Madhya Pradesh 


Maharashtra 


Orissa 


Punjab 


Rajasthan 


2 3 


4 


5 


404 

medium and 
dec3p black 
soil 

Belgaum, 
Raichur, 
Bcllary 

Bijapur 

Eharwar, 

Chitaldrug, 

Gulbarga 

16 

acid sulphate 
s;.il of the 
deltaic region 

Alleppey, 

Kottayam 

Ernakulam. 


242 

medium and 
deep black 

Soil 


East Nimar>- 
West Nimar, 
Ehar, Bhind, 
Morena, 
Gwalior, 
Shivpuri 

534 

— do- 


Jalgaon, 

Aurangabad/ 

Parbhani/ 

Nasik/ 

Ahmeonagar, 

Sholapur, 

Poena, 

Satara 

404 

deltaic 

alluvium 

Cuttack/ 

Bala sore, 
Puri 


688 

alluvial soil 
developed on 

In dc)-gange ti c 
alluvium 

Ferozepur/ 

I^ridkot/ 

Bhatinda 

Gurdaspur, 
Amritsar 
Kapurthala, 
Patiala, 
Sangmr 

728 

— dc'— 

Alwar, 

Jaipur, Tcnk 

/ 


Bharatpur, 
Sawai Madhopur 


desert and 
grey br- )vm 
soil 


mixed red 
and black 
soil 


Ganganagar/ 

Bikaner/ 

Nagaur, 

Churu, 

Jaisalmcr/ 
Banner/ Jodhpur/ 
Jalore, Ajmer, 
Pali/ Sirr.hi/ 
Sikar. 


Kota, Bundi/ 
Bhilwara, 
Chittorgarh/ 
Banswara 


357 


1 

Tamil Naciu 

Uttar Pradesh 


West Bengal 

Delhi 


2 3 4 5 


4 

1295 


850 


16 


deltaic Thanjavur 

alluvium 


alluvial seal 
developed on 
In do-gange tic 
alluvivim 


deltaic 

alluvium 


alluvial Soil 
developed on 
Indo-gangetic 
alluvium 


r-lathura, 

Agra 


Aligarh/ 

Etah/ 

Etawah, 

Mainpuri/ 

HaLrdol, 

l^npur/ 

Unnao/ 

LucknoW/ 

Ihtehpur/ 

Rae-Bareli, 

Sultanpur, 

Azamgarh, 

Ghazipur 

Pratapgarh, 

Meerut 


24 Parganas 
Midnapur 

Delhi 
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APPENDIX 17.4 


(Pnrngrnph 17.4,18) 

Financial Implications of Land Reclamation 


(Rs crores) 


Total outlay 

Government 

'■>utlay 

Institutional 

outlay 

education and public 
relations 

10 

10 

Nil 

soil surveys 

100 

100 

Nil 

C'ntrol of water erosion 

5,400 

-2,000 

3, 400 

control of wind erosion 

3,000 

2,000 

1,000 

control of sea erosion 

100 

100 

Nil 

engineering works for 
flood control 

2,000 

2,000 

Nil 

major drainage and 
control of waterlogging 

8,000 

2,000 

6,000 

optimum use of irrigated 
areas 

4,400 

Nil 

4,400 

sc'il testing and 
maintenance of fertility 
levels 

20 

20 

Nil 




administrative expenses 
including prevention of 
diversion of good lands 

20 

20 

Nil 


23,050 

8,2 50 

14,800 

■ 





Source: Vohra B.B., 1912, A Charter for the Land 

Ministry of Agriculture, (Department if 
Agriculture), pp 22-23, 
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SOIL ftND MOISTURE CONSERVATION 






18 

SOIL Ai'D MOISTURE CONSERVATION 
1 IITRODUCTION 

13.1.1 Soil and water are two very important natural 
resources not only for agriculture but for the existence of 
life per se^. Conservation of soil and water assumes a special 
significance in a watershed because of the role played by them 
in the development of regional economy. Soil and water 
sustain natural vegetation, which in turn helps to conserve 
them. This mutual interaction gives rise to an ecological 
balance in nature, V/a.nton denudation of vegetative cover has 
taken place owing to pressure on land for the production of 
food and fodder, Nature being unable to regenerate as fast as 
the process of destruction. Loss of soil and water has been 
the most immediate consequence. This loss is irreparable on 
sloping lands. It is in this context that soil conservation 
has been conceived as a process of prevention of soil loss by 
adoption of anti-erosion measures. The concept of soil 
conservation has, however, broadened with time to meet the 
requirement of efficient and productive use of land. The 
emphasis, therefore, requires to be laid on soil and crop 
management on watershed basis,- 

13.1.2 India has widely varying climate, Soil, land 

use pattern and topographical conditions. Rising from the 
Himalayas, the western ghats and the plateau territory of 
malwas a number of major rivers drain the land, A large 
number of rivers, streams and their tributaries provide 
natural drainage; the water flow varies with the location 
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3nd nature of the terrain, an:’ the intensity and duration of 
precipitation. The whole country may thus be 
considered to consist of different watersheds of diverse 
drainage systems. The problems connected with the movement 
of the large volumes of water vary from watershed to watershed 
depending upon soil, rainfall, management practices and 
socio-economic conditions of the people inhabiting them. 

18,1,3 The development of water resources is intimately 
linked with watershed management. Hence, it becomes imperative 
to know the watershed in its entirety for a reasonably 
accurate estimate of water yield. Proper management of 
watershed requires that the water yield is maintained unimpaired. 
Another aspect of watershed management is concerned v^/ith 
optimum land use and sustained productivity. Conservation 
measures and soil and crop management practices should be such 
that loss of soil and soil moisture is minimised. Conservation 
of soil and moisture in a watershed has, therefore, two 
aspects, namely, their conservation in the catchments of river 
valley projects and in'the cultivated areas. The conservation 
in the catchment areas is aimed at serving the dual purpose 
of saving the soil by keeping the soil under optimum vegetative 
cover and of prolonging life of storage reservoirs by reducing 
siltation. The conservation problems of cultivated lands are 
specifically concerned with the different types of 
conservation measures and their efficacy, agronomic practices, 
economics and other aspects. Whereas in the catchment areas 
soil conservation measures almost automatically conserve 
soil moisture, this is not so in lands cultivated under 



365 


rdinfed conditions. In the latter, special efforts have 
to be made to conserve soil moisture.. These aspects of soil 
and moisture conservition together with the need for 
collecting basic and reliable information on soil and water, 
and the need for research work on conservation and siltation 
under conditions prevailing in the country have been 
highlighted in this chapter. 



2 PROBLEL Al® IIS MAGNITUDE 


Land Use Pat tom 

18 . 2.1 The land use pattern of a country broadly underscores 
tVie problems of soil and hence of moisture conservation. The 
present land use pattern in the country is the result of 
interaction of various demands on lind mainly for production of 
food, fibre, fodder, oilseed and trees (forest). The Land 
Utilization Statistics published by the Directv^rate of Ec >nomic 
and Statistics (DES), Union lanistry of Agriculture and 
Irrigation, provide an idea of the pattern of classification 

of land area in the country (vide Appendix I 8 .I). It v/ould 
be seen from the figure given in Appendix 18.2 that forests 
cover 66 Mha only. But even within this forest area there is 
a substantial extent which has been depleted because of 
over-exploitation and uncontrolled grazing in the past for 
meeting the local demands of the population. These areas 
are either eroded or liable to erosion resulting in loss of 
productive soils. 

18 . 2.2 Hilly and mountainous areas are subject to land 
slides and slips besides surface wash and gullying. The 
incidence of landslides is found to be more where grazing 
intensity is high. Landslides are a major cause of 
watershed degradation in some river catchments particularly 
those in the Hlimalayan region. In the hilly areas in 
Assam, I'lanipur, Nagaland, Tripura, Meghalaya, Mizoram 

and ATunachal Pradesh where the tribal population 
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prerJominatGS, an ago-old method of crop husbandry known as 
shifting cultivation or jhumming is practised. The 
areas thus affooted by shifting cultivation has been estimated 
at 2,7 IViha (see Tabic 18,i), A similar type of 

cultivation known as £q^^u prevails in the hilly forests of 
Orissa and Andhra Pradesh ovor an area of about 0,3 million 
hectares. The pressure of population on the land has 
progressively hastened the process of shifting cultivation, 
so that a cycle of operations of 20 to 30 years in the- past is 

completed at present in 4 to 6 years. As a result, shifting 

• • 

cultivation has resulted in severe damage to the- soil 
resources of these regions, A critical evaluation of the 
problem has been made in our Chapter 42 on Production and 
Social Forestry, 

Table 18,1 

Area affected by Shifting Cultivation^ 

_ ^ (thousa nd hectares)_ 


State 

Areas 

Assam 

498,3 

Meghalaya 

416,0 

Manipur 

100,0 

Tripura 

220,8 

Nagaland 

608.0 

Mizoram 

604,0 

Arunachal Pradesh 

248.6 

total area 

2,695.7 


1. 1975, Land Statistics_ of India , New Delhi, 

Soil C‘(rnsFrVal:Yo'n''DivisTo'n^ Ministry of Agriculture 
8. Irrigation, Government of India, 
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About 29 Mha shown, as "barren and unculturable land" 

(Appendix 18,1) constitute probably the most sovcroly eroded 
areas. The magnitudes of 'culturable lands ' and 'fallow land 
other than current fallows' indicate neglected land 
management. These areas are liable to erosion. The areas 
categorised as 'permanent pastures' and 'other grazing lands' 
covering 13 Mia perhaps reoresont, fallaciously though, some 
of the v7orst eroded areas, V/hether if is the pasture lands 
of the desert or of the high hills, they arc characterised 
by unchecked misuse. The grazing is by and large 
unrestricted and widely practised in forest areas, the 
livestock feeding on undergrowth and tresspassing into the 
young regenerated areas. This type of indiscriminate grazing 
has caused great damage to forestry. Grazing lands in general 
are rendered almost unproductive leading gradually to grov\/th 
in patches of inferior and coarse grasses. Development of 
grasslands and rigorous restrictions on grazing are the 
only means of improving such lands. 

Wastelands and Ravines 

18,2.3 The wastelands in general include gullies and 

ravines. The problem of soil deterioration caused by gullies, 

exists in all categories of land. Scones of degradation and 

damage are noticeable on the banks of rivers and streams of 

northern and western India, namely, the Yamuna, the Chambal, 
the Mahi, the Sabarmati and their tributaries. Gullies and 
ravines are estimated to have damaged 3,67 Mha in Uttar 
Pradesh, Madhya Pradesh, Rajasthan, Gujarat, Maharashtra 
Punjab, Bihar, Tamil Nadu and West Bengal (see Table 17,4 
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in Chapter 17 on L^nd Reclamation and Development), The 
problem has assumed urgency because the ravines are fast 
spreading into cultivated lands. It has been assessed that 
in Madhya Pradesii alone about 700 hectares of good tableland 
are degenerating into ravines every year. Fast flowing 
rivers and streams erode their banks and engulf the productive 
cultivated lands and forest areas'around. Torrent erosion is 
prevalent in the hills and valleys having steep slopes. No 
estimate of this type of erosion is available. 

Cultivated Lands 

18,2.4 It will be scon from Table 18.2 that out of 140 Mha 
of not area sov/n, 31 A/Jia are irrigated, leaving 109 Mha in 
which cultivation is done under rainfed conditions, A gross 
area of 37 Mha is under rice of which 15 f.lha are irrigated 
and the remaining 22 f^ha are under rainfed rice. Irrigated 
areas are considered to bo properly levelled and shaped so 
that they are subject to minimal erosion. The area under 
rainfed rice which is levelled, shaped and adequately bunded 
for holding vjater is also 'veil protected from the eroding 
influence of rainfall^ /\rea under rainfed crops other 
than rice 'vorks out to be 87 f.lia, Upto the end of the 
Fourth Plan about 15 i'ha of cultivated land hod been tro«ated 
with soil conservation measures - 9,4 Mha upto the end 
of the Third Plan and an estimated area of about 6 iba 
during the Fourth Plan, There will be some rainfed area 
where cultivators themselves have taken suitable 
conservation measures at their own initiative. About 
70 fiha will still be liable to erosion. More and more 
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marginal lands.arc being brought under cultivation without 

taking suitable conservation measures thereby aggravating 

erosion problems in such lands^ 

Table 18,2 

Estimates of Area under Rainfed Crops, 1970-~71,^ 

_ _ __ha eta res) _ 

Net area Net area Net area under 

State sown irrigated rainfed crops 

Andhra Pra'desh 

11,735 

3,313 

8,422 

Assam 

2,235 

572 

1,663 

Bihar 

8,454 

2,160 

6,294 

Gujarat 

9,220 

1,209 

8,011 

Haryana 

3,565 

1,532 

2,033 

Himachal Pradesh 

546 

39 . 

457 

Jammu & Kashmir 

706 

264 

442 

Karnataka 

10,243 

1,137 

9,111 

Kerala 

2,172 

431 

1,741 

luodhya Pradesh 

18,352 

1,480 

16,872 

Maharashtra 

17,668 

1,344 

16,324 

Manipur 

140 

65 

75 

Meghalaya 

162 

37 

125 

Nagaland 

60 

12 

48 

Orissa 

6,119 

1,149 

4,970 

Punjab 

4,053 

2,888 

1,165 

Rajasthan 

15,179 

2,132 . 

13,047 

Tamil Nadu 

6,169 

2,592 

3,577 

Tripura 

240 

22 

218 

Uttar Pradesh 

17,305 

7,219 

10,086 

V/est Bengal 

5-,633 

1,489 

.4,144 

Union Territories 

437 

108 

329 

All India 

1,40,398 

31,244 

1,09,154 

1, Directorate of 

Economics and Statistics 

, Ministry of 

Agriculture and 

Irrigation, 

Government 

of India. 
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Wind Erosion 

IS,?,5 In addition to erosion by water, there are large 
areas where erosion is caused by high velocity wind. Wind 
erosion is common in arid and somiarid desert regions vJhich 
occupy about 32 Mha. Considerable wind erosion taking place 
along the sea coasts in parts of West Bengal, Orissa, Tamil 
Nadu, Karnataka and Maharashtra has been partially checked 
in large parts by creating forest belts of Ca sparina trees 
during the last fifty years. The problems of erosion in 
desert areas especially those of sand dunes, have been dealt 
with in our Interim Report on Desert Development, The 
observations and recommendations made therein are reiterated 
in this Chapter, It has been roughly estimated, but not based 
on any systematic survey, that an area of about 150 I.lha 
suffers from serious v^/ater and wind erosion, sedimentation 
damage, and other types of deterioration, and is in urgent 
need of scientific conservation and management. Out of 
this an area of 69 i'.'lha is estimated to be in a critical 
state of deterioration. In the remaining areas, erosion 
is slight or none at all. 

Specific Problem of Catchment Areas 

10.2,6 The magnitude and urgency of soil conservation 
in catchment areas began to be realised towards the end 
of the Second Five Year Plan when it vjas noticed that in 
some of the reservoirs the rate of siltation was faster 
than expected and that their capacities were fast 
diminishing. In a seminar held at Hirakud (Orissa) in 
1957 it was suggested that two to five per cent of the 
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cost of rivor valley projects should be set apart for taking 
up soil conservation measures in the catchment areas of the 
various river valley projects. At tlie meeting of the Agriculture 
iMiniste’rs held in 1961 at Bhubaneshv^ar, a recommendation in 
the following terms was accepted; 

“In order to avoid national waste it is essential that 
before any new project is taken up in future,, careful 
estimates are made of the soil conservation measures 
necessary to prolong its life. Estimates of financial 
provisions for these measures should form an essential 
part of the project itself. Further, adequate soil 
conservation programmes should be initiated and a 
firm assurance about financial provision given before 
any new project is taken up for construction'*. 

In 1965, the then Central Soil Conservation Board made a 

further recommendation that “No fresh dam construction should 

be taken up until the Soil Conservation Board ‘is satisfied 

that adequate protection of the catchment areas will bo 

given by the time the construction of the dam is completed”. 

In spite of the magnitude of the task and the above 

recommendations the amount spent for catchment treatment 

from the First Plan to date is around Rs 50 crores. The 

Irrigation Commission (1972) mentioned the need of Rs 800 crores 

for watershed management. The singular nature of the 

conservation problem makes it necessary to formulate a long 

term action programme, 

18.2,7 During the period of four five year plans and a 
number of annual plans over 11 thousand sg km of catchment 
area could be treated against an estimated 1.5 million sg km 
covering 59 major projects. Even against a total catchment 
area of 0,78 million sg km for 21 major projects under the 
centrally sponsored programmes, the achievement is no more 
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than 1,4 per coni. From a study of aerial photographs 
covering about 0.2 million sq krn in the catchment of these 
21 river valley projects, it is estimated that the areas 
recuiring soil conservation measures in the different 
catchments vary from 11 to 39 per cent. It is generally 
assumed that in order to substantially overcome the siltation 
problem, it would be adequate to treat 10 to 15 per cent of 
the high silt producing areas in the catchment, which are 
considered critical. Even on this basis the overall 
achievement is no more than 10 per cent, A rough estimate 
shows that completion of the work would require 5 to 6 plan 
periods and cost about Rs 1,500 crores. The progress of work 
done is so very meagre that it is premature to assess the 
impact of the conservation works executed so far on reduction 
of siltotion. In all the orojects whether completed or 
under execution, the hazard of reservoir sedimentation is 
equally serious. A number of Himalayan rivers cause flood 
havoc every year and tlrieir watersheds deserve special 
programmes of soil conservation and protection. A comparison 
of the time available for watershed treatment on the- basis 
of existing siltation rates shown in Appendix IB,3 with the 
number of years that will be needed to complete the watershed 
treatment measures shows that siltation hazards will overtake 
conservaticn efforts in a number of projects. The list 
(Appendix 18.3) further shows in a progressive manner the 
projects which do not afford the time for watershed 
treatment, even if loss of 50 per cent live storage is 

rprlrrinpH a f; thp pmnnmi r. limit Tt it;, t.hnrpfnrp 
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considered of utmost importance to plan.a firm strategy for 
completing the conservation vvoyk quickly, prcferaoly within 
the next five years, 

Basic Consideration of Land Use 

18,2.0 The permanent solution to the problem of sediment 
formation is the on-site control of erosion. Undistrubed 
watersheds completely covered with vegetation yield sediment 
almost equivalent to the rate of geological erosion. Examples 
of a fev/ reservoirs in the country, which have sustained 
for long periods - even upto an estimated 'X)0 years - are 
known in Central India, the catchments of which are very 
stable, being covered with extensive well-protected reserved 
forests, A perusal of the existing land use conditions 
of eleven major projects in India reveals that not more 
than 20 to 25 per cent of the watershed areas are covered 
with forests, these lands too are under heavy pressure of 
grazing and other biotic interference. As much as 50 per 
cent of watershed areas are occupied by crop lands of which 
not more than 10 per cent are irrigated. This broad analysis 
indicates the inefficiency of the present land use pattern 
in the watersheds to sustain a desirable sedimentation rate. 

It is, therefore, imperative that any watershed management 
programme should indicate, as far as possible, quantitative 
estimates of benefits. 

Reservoir Surveys 

18.2,9 The hazard of reservoir sedimentation has been 
briefly mentioned in paragraph 18,2.6, The problem is 
so serious that a closer scrutiny is required to obtain 
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some qu'^'intitativo information, Fieservoir surveys in the 
country date back to 1870 ^nd were carried out at intervals 
of 5, 10 and 20 years. The available data show that the 
reservoirs surveyed have very small capacity compared to the 
respective watersheds. Atareover, catchments of these 
reservoirs are hilly and wooded with very little production 
of silt. The data so available indicate a maximum annual 
silt production of 3,5 - 4,5 hectare metres per 100 sq km,' 
Similar data are available in some of the developed countries. 
The results of calculation based on the above data are differeni 
from the actual as has been subsequently realised, VJhen the 
first indication of the high rate of sedimentation in reservoir: 
was available in a few cases, thf Central Board of Irrigation 
and Power initiated systematic sedimentation surveys in streams 
and reservoirs. Such surveys have shown that the actual 
incidence of sedimentation per iOO sq km of catchment area 
varies from 6 hectare metres in Bhakra Nangal to 16.4 hectare 
metres in Ijayurakshi that is, about 2 to 5 times the rate 
assumed in the projects. The data for 23 major reservoirs 
are presented in A:;)pendix 18,3, The tabulated data are based 
on capacity survey and inflow-outflow studies conducted by 
the Central Board of Irrigation and Power in collabbration 
v/ith various engineering research institutes. In 9 of 
these reservoirs the sedimentation has been issessed by 
capacity surveys and in 12 reservoirs sedimentation data 
have been obtained by the inflow-outflow method. No 
survey has so far been made in the remaining two. The 
capacity survey method is direct and dependable, whereas 
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the inflow-outflow method is approximate. It has been observed 
that the rate of siltation in almost all cases, except the 
Machkund reservoir, has been several times more than that 
assumed in the project reports, in the case of f’iachkund 
reservoir the observed siltation is less than that assumed at 
the time .of project planning. Considerable soil conservation 
measures have been taken in the watershed of Che Machkund 
reservoir but it has not yet been exactly assessed to what 
extent they are responsible for the reduction of silt flow 
into the reservoir. In other catchments such as the Damodar 
Valley, soil conservation measures are going on, and though 
the observed siltation has not come down to the assumed level, 
there is perceptible reduction in sediment inflow. The 
observations highlight the necessity of expediting' soil 
conservation measures in catchments of the existing reservoirs. 
It is obvious th't by adopting proper water9hed management 
the silt inflow will be reduced. Prevention of siltation no 
doubt saves the reservoir but it is the’prevention of soil 
loss that is of utmost significance, because soil once lost 
is never to be recovered. Also, it takes more than one 
thousand years for an inch of too soil to form. Watershed 
management shouldtherefore, essentially centre round soil 
conservation. 

Encroachment on Live Storage 

18.2,10 Recent surveys of a number of reservoirs (vide 
Table 18,3) have revealed that sediments have already 
encroached upon the live storage space. This finding 
gives reasons for alarm and has thrown up certain problems 
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relating to the functioning of reservoirs and some important 
aspects of their designing. 

Table 18.3 

Per'centage Loss of Storage Capacity in 
the Different Allocated Zones and of the 
Total Capacity upto 197d7^ 


Name or 
reservoir 

Loss in 

dead 

storage 

Loss in 

live 

storage 

Loss in 

total 

capacity 

Remarks 

Shakra 

16,0 

2.5 

5,6 

capacity survey 
conducted every 
year 

Maithon 

26.0 

12.0 

10.7 

projected over 
1971 figures 

panchet 

35,2 

17.8 

9.2 

capacity survey 
completed in 
1974 

r'.ayurakshi 

21,2 

7.7 

o 2 

projeoted over 
1970 figures 

Tongabhadra 

- 

— 

9.4 

capacity survey 
completed in 
1972 

Nizomsagar 

100.0 

60.4 

62.0 

projected over 
1967 figures 

Lower Bhawanl 

100.0 

3.3 

4.0 

projected over 
1965 figures 

I latatilla 

15,0 

3.5 

10.5 ■ 

projected 
over 1969 
figures 

Sivajisagar 

., - 

- 

0.8 

details not 
available 


1 Data obtained from the Central V'lator Commission (C'.'VC) 
and I'dnistry of Agriculture and Irrigation; they are 
based on capacity surveys of the reservoirs. 
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The life of reservoir starts getting affected even before 
the dead storage meant for trapping'reservoir silt is 
filled up. The total utilisable storage provided for in 
a project gets reduced by siltation. There is a reduction 
of live storage right from the year of impounding as the 
velocity of water gets reduced as soon as the flow reaches 
the reservoir. The Irrigation Commission identified the 
location of sediment deposit in reservoirs and stated as 
follow?; 


’’Some of the sediments in a river may be deposited 
upstream ot a dam, some may pass through it 
without being deposited, but much of it is 
deposited in the de5d storage but some of it may 
also find its way into that portion of the dam 
which is reserved for live storage. The problem 
of encroa-chment on the live storage capacity is 
more acute in reservoirs like Hirakud where the 
waterspread area behind the dam is very large 
and silt is deposited in shallows on the edge 
of the lake.'’! 

18.2,11 Earlier reports by Central Water Commission (CWC) 
showed a capacity loss of about 50 per cent in the case of 
Nizamsagar reservoir and a reduction of nearly 5,000 hectares 
in irrigable area. According to the 1974 data (Table 18,3) 
obtained from the same source; the loss has further aggravated 
and is estimated at 62 per cent. Consequently, a further 
decrease in irrigation command must have taken place It 
is feared that such conditions might occur in other 
reservoirs. The decrease in irrigated area in the command 
of a project after its initial full development can be 


1 Report of the Irrigation Commission, 1972, Vol.l 
paragraph 14,10, Ministry of Irrigation 8. Pov^/er, 
Government of India. . 


due to one ore more of tho following situations: 

(a) lower water availability in tho particular 
year or years than that planned; 

(b) increase in water demand due to changes 
in agricultural practices; and 

(c) loss of caoacity of the reservoir due to 
siltation. 

Of these, the last situation is a real cause for alarm. 
Hence, v.'henever decrease in irrigation in command area 
is noticed, the above situations should be examined. 

In case reduction in irrigation is found to be due to 
loss of reservoir storage capacity caused by excessive 
siltation, proper watershed management and remedial measures 
for soil erosion should be stepped up imimediately. 



3 BENEFITS OF CONSERVATION rCASURES 


18.3.1 On the basis of land use pattern and reservoir 
survey pointed attention has been drawn in the foregoing 
pages to the quantitative aspects of problems of soil and 
moisture conservation in the catchment area. There are two 
distinct but closely interrelated facets, namely, problems of 
sloping lands and those of the plains. Moreover, depending 
on the rainfall, soil properties, topography, cropping 
patterns and socioeconomic conditions, the treatments would 
vary from one catchment to another. The benefits accruing 
from such treatments would likewise vary. Problems of command 
areas which would be under irrigated cultivation and measures 
of conservation there have been adequately dealt with in 
Chapter 16 on Command Area Development, 

Protection Benefits 

13.3.2 The benefits of watershed management are of two 
kinds, namely, protection and production benefits. They are, 
however, interrelated. The protection benefits are indirect, 
a quantitative measure of v;hicli is the reduction of sediment 
inflow into the reservoir. As a consequence, the life of 
the reservoir is prolonged, sLreams flow stabilised and 
water regime of the area improved. The production benefits 
are direct and depend on the valuable surface soil containing 
humus saved, thereby enhancing production of field crops, 
timber, grasses, etc. Soil conservation measures in the 
catchments of various river valley projects are in progress 
for more than a decade. State Governments v^ero required 
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to evaluate the effectiveness of these measures qualitatively 
as well os quantitatively. Experience shows that systematic 
studies in this respect are lacking and the States generally 
evaluate achievements in terms of physical and financial 
targets. Some have tried to evaluate the effects of soil 
conservation measures in terms of reduction of siltation. 
Several interesting evidences have been collected in course 
of execution of schemes of soil conservation in the catchments 
of river valley projects during the Third and Fourth Plans, 
Wherever land treatment measures have been properly 
implemented by judicious provision of vegetative cover, 
very often combined with small structural reinforcement, 
sedimentation rates have been reduced. Some of these 
measurements have been made by constructing weirs and 
installation of self-recording.discharge gauges, accompanied 
by collection and analysis of sediment samples. In the 
Damodar Valley Catchment, measurements have been 
accurately made in 16 subwatersheds by conducting 
successive surveys of dopo.sitocj sediments in the 
detention structures. The results of these observations 
are given in Table 18.4. 
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Table 18.4 

Changes in Sediment Outflow Rate 
following Conservation Measures in 
Domodar Valley Catchment areas.^ 


Name of the 
watershed - 
nullah 

Watershed area 
in hectares 

Sediment outflow 
rate prior to 
soil conserve . 
tion measures 
ha m /sq km 

Sediment 
outflow rate 
after soil 
conservation 
measures ha m/ 
sq km 

s andur-pandri 

56.25 

0.40 

0.023 

dandai 

256.58 

0.31 

0.025 

amnari 

126.27 

0.20 

0.015 

kolghati 

119.79 

0.46 

0.028 

bonga 

295.84 

0.15 

0.009 

kasura 

110.89 

0.18 

0.018 

mandai 

45,33 

0.25 

0.021 

tilaiya (J) 

186.97 

0.30 

0.023 

tilaiya (2) 

77.70 

0.25 

0.022 

badhiajuar 

108.46 

0.36 

0.006 

bij ladih 

170.38 

0.20 

0.013 

konrahar 

207,21 

0.30 

0,020 

neguan 

862,42 

0.21 

0.020 

sakha barashi 

473.09 

0.15 

0,015 

mayapur 

160.26 

0,16 

0.019 

piprahi 

167.14 

0.26 

0.023 


1 Personal communication 


The data presented in the above table clearly demonstrate the 
efficacy of control measures, A few other outstanding cases 
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may be mentioned in which reduction of sediment flow hes been 
effected by land treatment and other engineering m.casures. 

In fiachkund catchment, for example, the assumed annual silt 
rate was 3,3 hectare metre/lOO sq km of the catchment, 
Extensive soil conserv tion measures including control of 
shifting cultivation, terracing a large- proportion of 
cultivated lands, introducing plantation crops etc., have 
brought down the sediment yield rate to 2,36'hectare metres/ 
100 sc km. As a result of the diversified land use programme, 
the tribal peonle are cultivating the land almost every 
year instead of every two to three years, A significant 
change in cropping pattern, namely, from lesser millets to 
rice has been brought about in many of the lands treated with 
conservation measures, A reduction has been effected in 
sediment inflow rate in two major reservoirs of the Damodar 
Valley Catchment, namely, Maithon and panchet. The 
siltation rate of Maithon v;as reduced from J5,2 hectare 
metro/lOO sq km to 9,6 hectare metres/lOCi sq km in course 
of 10 years. Evaluation report of the Kundha Project 
(Tamil Nadu) for 1971-72 provides similar information on 
the reduction of rates of siltation following conservation 
measures, 

18,3.3 Even though in small subwatersheds it has been 
possible to drastically reduce the sediment outflow 
liable 18,4), it may not bo easy to achieve a sedimentation 
rate of 3,5 hectare metre per 100 sq km in most of thc- 
watersheds, as v;as assumed by the designers while planning 
the projects. This may be ascribed to the large size of 
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the watershed, inefficient land use pattern and indifferent 
management. If the whole of the watershed can be treated as 
in the case of the small. subv./atersheds referred to in Table 

18.4 or, if a substantial portion, say two-thirds, of the 
catchment area is terraced and covered with permanent vegetation 
like forests, it may bo possible to achieve the assumed 
sedimont.a.tion rate. 

Production Benefits 

18.3.4 Production benefits following conventional soil 
conservation measures have been reported from several States, 

In the semiarid alluvial plains of Uttar Pradesh about 
35,60 and 98 per cent increases in yield of Ichari/. and rabi 
crops have respectively been obtained by bunding alone, 
levelling alone and combined bunding and levelling. In 
Maharashtra, contour bunding has not only increased the yield 
of crops in dr.yfarming areas but also raised the water level 
in the v^ells, in Ramqanga river valley project random 
sampling indicated over 50 per cent increase in food 
production in terraced lands over the unterraecd. ones. In 
the case of Kundha catchment (Tamil Nadu) 15-65 per cent 
increases in the yield of potato have been obtained by 
terracing. The efficacy of bunding has been questioned 
because of heavy cost involved and little return in most . 

of the marginal and wastelands. But often the reasons 
are lack of maintenance and unsuitability of such -lands 
for intensified cropping. 

18.3.5 Results of treatment of nonagricultural lands 
have been quite encouraging. In Karnataka, Madhya Pradesh, 
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Rajasth'^n, Ui:tor Ptfadesh, Maharashtra and the Damodar Valley 
catchment.areas the yields of grasses have increased from 
13-30 q/ha to 16 - 125 q/ha by simple closure and optimum 
mananem'nt. Similar encouraging results have been obtained 
in Raigarh and Ujjain districts of Madhya Pradesh where- 
increased production of grass has been reported. Large 
paddocks were created in the Chambal catchment of Rajasthan, 
which saved the migratory livestock during dry months. In 
places v';horo benefits were- appreciable the cost could be 
realised quickly and the maintenance was good, but '."herever 
the benefits were marginal the paddocks fell into disrepair. 
The main problem of the treated nonagricultura1 lands, which 
have so far been confined to government lands, is to protect 
them from indiscriminate grazing and fire and depredation 
by poor catchment dwellers. For lack of adequate protection, 
a considerable proportion of the afforested areas are, in 
fact, getting denuded. 

18,3,6 From the above illustrations it is evident that 
expenditure incurred for watershed management is justified 
on the basis of production as well as protection benefits. 
Some of which are direct and imr-X'diate and others long 
range and indirect. The observations of the Irrigation 
Commission in this context arc reproduced below 

"Soil conservation measures in the catchment 
area of a storage irrigation project have 
gre t significance for the life of the storage 
reservoir. These measures generally comprise 
bunding, terracing, afforestation and pasture 
development, A good v^atorsiiod development 
plan will serve more than one purpose. It 
would lead to higher agricultural production 


1 . 


■i972« Report of the Irrigation Commission, 
New Delhi, Ministry cf Irrigation and Power 
Government of India, 


Vol. 1:255. 




in the catchment area through increased yields 
improve forest ano grasslands andj therefore 
income from such land, exercise moderatino ’ 
influence on medium and small floods, improve 
low flows in the streams, and reduce silt yield 
from the catchment. These benefits are (difficult 
to quantify and evaluate with precision”. 



4 PAST EFFORTS AND PRESENT STATUS 


Pro-Independence F>eriod 

13.4.1 The degradation of land caused by ravines along 

the banks ol the Yair.una, the Chambal etc, had drown governmental 
attention as early as 1384, Ravines and wastelands in Uttar 
Pradesh wore at that time taken over from zamindars for the 
puroose of control of erosion and creation of fodder and 
fuel reserves. Protection of land from the menace of cho 
(mountain torrents) also received early attention and one of 
the first enactmenls for prevention of soil deterioration 
was passed in the Punjab in 1900 as Land Preservation Act, 

It provided for such measures as wat bandi (ridge formation), 
contour trenching, gully plugging, terracing, tree planting, 
preservation of forests, etc, for preventing the havoc 
caused by cj^q, A survey in an area in Chota Nagpur region 
of Bihar showed that during a period of about 45 years since 
the beginning of this century, approximately 17 per cent of 

the surveyed area was lost' to cultivation through gully 

. J. 
erosion , 

10.4.2 The Royal Commission on Agriculture (1928) took 
cognisance of instances of soil deterioration which arose 
from the- erosion of surface soil. They recommended rapid 
expansion of afforestation of ravine lands in United 
Province (now Uttar Pradesh) as a means of preventing 
soil erosion and to investiocite the actual extent of soil 

1. 1958. Farm Planning and Management, New Delhi, > 

Ministry cf Agriculture t. ;nrrigati:n, Gevemment 
of India, 
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erosion in the Bombay Prosidcncy, They also suggested studies 
on the feasibility of combining the methods adopted in United 
Province and Bombay for prevention of soil erosion with those 
in V/estern Bengal and the submontane districts of the Punjab, 
18,4,3 Soil conservation research in the country was 
initiated during 1933-35 when the Indian (then Imperial) 
Council of Agricultural Research (IGAR) decided to establish 
five regional centres for research on dryfarming at Sholapur 
(Maharashtra), Bijapur, Raichur and Bollary (Karnataka), and 
Rohtak (Haryana), The work carried out at these stations 
upto 1954 has boon reviewed"^. Soil and moisture conservation 
assumes great import<:ince in rainfed agriculture v/hich 
constitutes tlic bulk of agricultural practice in the country. 
Holding rain water by construction of bunds, green manuring, 
wider spacing of crops, cultivation of kharif crops on 
shallow soils and fallowing in deep soils wore important 
measures recommended by research stations. Strip cropping 
with alternating legumes and cereal crops was recommended in 
undulating lands having problems of soil erosion. Soil 
conservation work was taken up on a large scale by the then 
Bombay State on the basis of a Statute in the Land Improvement 
Schemes Act, 1942. Till 1950, Hahearashtra State did 
pioneering study on a big scale not only on problems of 
soil erosion and methods of conservation, but also on extensior 
of conservation measures to cultivated lands. The assessment 

1 Kanitkarj N.V.Sir-ur, S.S. and Gok.halc ,• D.N. 

Dry Fa rmi ng in_ I ndia .Mew gelh'i, Iqdian Counqil of . 

*Agr icu 1 t'ur a 1 Res’e arch 


of bincfitf: of soil consorvition measures has revealed that 
(a) contour bundinq resulted in auqmentation of subsoil water 
sunpl'/ in v/olls; ap.d (b) contour bundinq increased croo 
oroe’uctir^n unto 35 per cent, which was further increased by 
25 per cent by adopting uryfarniing practices in bunded areas. 
iMorc falloiv lands wore thus ’orouehL under cultivation. 

:" os t - In d 0 p'_ n d G n c o Pc: r i o d 

13 ^ 4^4 Soil and moisture conservation received considerabl 
attention during the First Five Year Plan (1951-56), It was 
recognised th't the ultimate aim of soil conserve Lion was not 
only to control erosion but also to maintain the productivity 
of soil at a high level. In view of the seriousness of 
erosion problems in some soil and agroclimatic regions 
stress was, however, largely on anti-erosion measures. 
Emphasis v'as laid on the en.!ctm..nt of soil conservation 
legislation in the States and the s.. Lting up of appropriate 
administrative machinery at the Ccntr-l and State levels. 

\;ith vic.w to devc.-loyjine a research base for soil 
conservation, t!')C- First Plan provided for the ostablishmicnt 
of a Soil Conservacion Branch at the Forest Research 
Institute, Dchra Dun, a Desert Research Station at Jodhour 
and six research and demonstration centres in other parts 
of the country, namely, Ootacumund (Tamil Nadu), Bellary 
(Karnat'ka), Kota (Rajasthan) Vasad (Gujarat), Agra (Uttar 
Pradesh) and Chandigarh. These centres broadly represented 
a large part of the soil and agroclimatic regions of the 
country, especially the main problem areas. Details of 
rcscarcl'! done in these centres have been given in 
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Section 7 of the chapter. Soil conservation work on cultivated 
land was initiated in Andhra Pradesh, Gujarat, K.erala, Tamil 
Nadu, J.Vaharashtra and Karnataka but bulk of achievement in the 
First plan was in the erstwhile States of Bombay and M-'dras. 

The Second Plan envisaged, in addition to thic work of the First 
Plan, soil conservation in river valley project are 's, 
dryfarming demonstrations and survey of ravine lands. 
Additional schemes for soil conservation on cultivated lands, 
dryfarming and reclam.ation of saline and alkaline lands were 
drawn uo for the Third Plan. Reclamation of culturable waste 
lands and settlement of landless agricultural labourers formed 
on important component of the Third Plan schemes. The scheme 
for Gurvoyinq the ravine affected areas drevvn up for the 
Second plan could be initiated in the Third Plan. In the 
Fourth Plan the Coordinated Research Project of the ICAR on, 
dryfarming started to function in 2 .^. centres spread over 
the different agro-climatic r;^gions of the country. 

Soil Conservation Programmes 

18.4,5 Soil conservation in the first three Plans in 
cultivated lands was covered by diverse schemes. One group 
of schemes related to contour bunding, terracing and other 
soil conservation measures,. The other group related to 
watershed treatment for minimisation of siltation in 
reservoirs of the major river valley projects and the 
development of cultivated areas in the watersheds. The 
third group of schemes comprised construction of field 
embankments, pilot schemes on ton acre plots in dryfarming 
on bunded and unbunded lands. plantation of trees or 
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cast! crops on hill slopes ancl on ihe banks of rivors and soil 
conservation in desert areas were other important items of 
soil conserv-.'tion work token up during the plan periods. 

The overall progress made in soil and moisture const rvation 
and reclamation of problem lands during I’n.; above Plan 
periods is adequately expressed by the following factual 
information^. Soil conservation vjork carried out on 
cultivated lands throughout the country upto the beginning 
of the Fourth Five Year Plan was estimated at 9,4 Mha. 
Culturable wastelands wore estimated to have been reclaimed 
to the extent of 0,2 ^'lha upto the beginning of the Fourth 
Plan. In the schema, for surveying ravine affected areas, 
an area of 1,6 lakh hectares was covered by ground surveys 
and another 4 lakh hectares by' aerial photographs. Up to 
the end cf 1968-69, 32,000 hectares of ravine affected areas 
wore reclaimed for agricultural purposes and 56,000 hectares 
were afforested, 

18,4,6 Even though soil conservation programmes wore 
initiated on a countrywide scale towards the end of the 
First Five Year Plan, practically very little progress v;as 
made in the catchments of river valley projects. In the 
Second Plan such conservation work formed part of the 
developmental programmes of the States, As the progress 
was not considered satisfactory, a special provision of 
Rs 11,21 croros was made for a centrally sponsored 
programme during the Third Plan; eight additional 

1 1973, ileport of the VJorkina Group on Land and Water 

Ueveiopme^nt, Fifth Five Year Plan (1974-79’j. ' 

New Deltii. Ministry of Agriculture and 
Irrigation, Government of India, 
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projects were includG'"’ under this pi’oqrommo. At the end of 
1973^74 on area of about 1.1,000 sc km was treated with soil 
conservation measures at a total expe nditure of about I’s 48 
crores (vide Table 18.5). The percentages of lands treated 
under forests, agriculture and pastures during the period 
1961-62 to 1973-74 were rcsp.ectivcly 36.48, 51,41 and 12.11. 

Table 18.5 

Planwisc Expenditure on Soil , 

Conservation and Area Covered", 


period 

Expenditure 
(Rs in crores) 

Area covered 
(thousand hectares) 

first plan 

0.36 

• 

J3.76 

second plan 

2.07 

85.37 

third plan 

11.21 

316.15 

annual plans(1966-69) 

9.45 

235.55 

fourth plan 

23.96 

455.33 

total; 

47.05 

1106.16 . 


The Fourth Plan witnessed i definite change in the strategy 
of soil conservation work. Vi/hilc the protection of watersheds 
of important river valley projects received continued 
emphasis, oth.,r areas'of di'vc 1 oprn-nt like soil and water 
management practices in irrigation commands, reclamation of 
ravine lands and develo -ment of dry farming practices were 
included in the programme. 


1 Information received from thv. Central Water Commission, 
Ministry of Agriculture and Irrigation, Government of 
India 
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Present Stc’tus 

18.4.7 Prom vh-;! has bc.^cn described in Section 2 nnd 
S'ltcd ribovc , it is nov.' realised that soil conservation is 
much more 1’nan erosion control. it has to be a programme 
'vhich should provide for the conservation and all round 

d:;\e lopni ;nt of the two basic n^tur^l resources, namely, soil 
and vjat,.r, fo” sustained production at a high level. In th^ 
Fifth Pl^n, soil and moisture conservation is proposed to bo 
underr-ik,.n in an are-a of 9 Mlva at an ostimatod expenditure 
of Hs 298 crores^'. An allocation of T,s 44 crores has boon 
made for th.: programme- of catchment treatment during the 
Fifth Five- Ye-T plan with three more projects to be covered, 
viz, P''gladia (Assam) , Rengoli-Mandira (Orissa, Bihar and 
Hadhya Pradesh) and Daman Ganga (Gujarat), 

St-'te Replies to Questionnaire • 

18.4.8 Replies to the ruestionnairo issued to the States 
regarding soil and moisture- conservation works were received 
from 14 States. The questionnaire included among others the 
following queries: 

i) present status of soil and land use- survey; 

ii) present position regarding demarcation of the 
State inxo different agroclimatic zones; 

iii) nature and extent of soil conservation work 
carried out; 

iv) soil conservation measures, types, specifications, 
techniques, etc. as applicable to the requirements 
of different agroclimatic zones; and 

v) be nefits of soil conservation measures, etc. 

1. 1974, Draft Fifth Five Yc-ar Plan 1974-79. Government 

of India, Planning Comriiission, Appenoiccs XII & XIV. 
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From the compilation of the re olios of the States (Appendix 
IS.4) it would oppoor that very few States take up soil • 
survey and land capability interpretation as a pre-requisite 
to soil and moisture cosorvation measures. Delineation of 
agro-climatic zones in most States has been done cither on 
the basis of rainfall or topography or soil. Cropping pattern 
or land use has rarely been taken into consideration. The 
States have generally laid great stress on bunding as being 
the main item of soil conservation work. In regard to benefits 
from soil conservation measures the majority of the States 
have reported increased yields of crops and raised water 
table in the wells. The assessmonl of benefits has not been 
based on statistically laid out experiments and hence 
questionable. Land levelling and shaping work has mostly 
been done in the command areas of tlu irrigation projects 
but very little work on land shaping in dry areas has been 
taken up. 

Collection of Silt data of FHvers and Streams 
18.4.9 The work of coll^.cting silt and discharge data of 
the main rivers and their tributaries is the rcsponsilality 
of the engineering section of the- projects but that of rivers/ 
streams having catchment area upto 62b so km sediment gauging 
is being done by the soil conservation organisations in the 
States. The follov/ing agencies arc participating in silt 
data collection; 

i) Ganga V/ator Resources Organisation, Ministry of 
/agriculture Irrigation; 

ii) Central Water. Commission (CWC); Ministry of Agriculture 
-and Irrigation. v 
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iii) Irrigation and Flood Control departments 
of the States; and 

iv) State Soil conservation organisations in 
charge of river vall^'y projects. 

The Central Soil Mechanics Research Station (CSMRS) of the 

ewe receives data of suspended sediment load of 432 sites 

from various river systems of th^ coentry, out of 1,157 

gauge and discharge sites functioning at present, and serves 

as a central pool of information in connection with various 

irrigation and power proj^:cts. Table 18,6 gives the number 

of sites for which data on sediment load of rivers are 

available with the CWC. One site (not mentioned in the 

Table) locatoci in Nepal collects information about the Kosi 

river system. 


Table 18,6 

Number of Sites for v;hich Sediment 
Load Data are Available,-- 



Statc/Union 

Territory 

Total Numbe, 

number ^vhjeh 

of sites 0-2 

years 
2 "3 *' ■ 

r of sites and 

3-5" 6"- 10 

1/ears yc.'ars 

' '4‘. "S ' ‘ 

p-eriod for 
arc^ e^.v a_i jablc 
More* tTTa'n 

10 years 
- -g-- 

d»ndhra Pradesh 

26 

2 

23 

1 


As G a n 

ao 

15 

17 

40 

8 

Bihar 

32 

3 

3 

25 

1 

Delhi 

2 

2 

- 

- 


Goa 

9 

6 

3 

- 

- 

Gujar:t 

7 

/ 

3 




Table,,.contd, 


1 Data obtained from Central Water Commission, Ministry 
of Agriculture and Irrigation, Government of India, 
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1 

2 

3 

4 

5 

6 

jaiTimu & Kashmir 

24 

6 

11 

7 

- 

Kerala 

2 

- 

2 

- 

- 

Madhya Pradesh 

19 

6 

9 

3 

1 

Maharashtra 

65 

23 

32 

10 

“ 

NEFf. 

2 

- 

2 


- 

Manipur 

2 

1 

1 


- 

Nagaland 

1 

1 

- 

“ 

- 

Orissa 

9 

9 

- 

- 

- 

Punjab 

29 

15 

7 

7 

- 

Ra jasthan 

5 

4 

1 

- 

- 

Tripura 

4 

- 

2 

2 

- 

Uttar Pradesh 

43 

18 

13 

12 

- 

West Bengal 

67 

15 

40 

12 

- 


428 

‘ 130 

169 

119 

10 



18,4,10 It will bo soon from Table 18,6 that tho- available 
sediment data are meagre. About 300 silt observation pests 


have boon established under the Centrally sponsored scheme 
by the State Forest and itgriculture nepartments and Soil 
Conservation Divisions eovering eatchments of 21 river valley 
projects. The main objects of these observation posts are to 
locate silt contributing arer'.s requiring priority conservation 
treatments and to evaluate their effectiveness. In the 
Damodar Valley- catchment, priorities fixed earlier according 
to the aerial photographs and soil surveys have been revised 
on the basis of silt studies. Similarly, silt data have been 
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have been utilised for fixing priorities in the riirakud 
catchment in Madhya Pradesh. Considerable variations exist 
in the metnods of collection of silt data by different State 
agencies and others because standard procedures arc not being 
follov^ed. It is possible th t inaccuracies in observed data 
leading to lower siltation rate computations have be>_n 
responsible for underestimates in the design of the rivor 
valley projects, Attempts have been made to arrive at 
realistic values in respect of S6 import''nt stations in 
different parts of the country after elimination of the 
arrors, Ihe results of analysis show theit the- corrected 
rates are considerably higher than the observed rates by 
anything upto 150 per cent (-\ppcndix 18,5), In this 
analysis, correction factors have be.n appHod after counting' 
for the sampling error, and for unmeasured bcdloads of the 
stream. The rates do not indicate the large inflow of 
sediment that gets into the reservoir above th.; critical 
velocicy in the rivor/stream. For example, records of such 
observations in Barakar (Damodar Valley Catchment) show that 
one flood over two days carried as much as ten times the 
corrected sediment load. 
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APFRa'CH FOR THE FUTUI^E MD PR0GR/.;,j\1ES 
Soil cind L^nc! Use Survey ■ 

18.5.1 In nny developmental '/;ork rejated to the broad field 
of agriculture adepuato knowledge of the soil is imperative. 

In Section 2 reference has been made to some rough estimates, 
based on certain general assumptions, of the oxte-nt of area 
subject to different degroos and types of soil erosion. 

From the progress of soil conservation programmes in the 
States, summarised in Section 4, it has been observed that in 
many States soil conservation works have been executed without 
prior soil survey and v'ithout due regard to interpreted land 
capability. Some of the States have soil survey organisations, 
but the facilities in respect of c-cuipment nd trained 
personnel arc meagre, while others have no such setups. it 
is recognised the world over that for the execution of a long 
term programme of soil conservation and for sustained use of 
land for enhanced crop production, a soil and land use survey 
is essential. 

18.5.2 Our Interim Report on Soil Survey and Soil Map of 
India dealt with in detail the present status of soil survey 
in the country, the organisations involved in the work, 
programmes for soil survey, classification andl mapping, and 
thu relevant financial implications. The following 
recommendations made in the Interim Report are reiterated; 

i) in conformity with the international standard, a 
soil map of India in the scale of 1;1 million is 
considered necessary and adequate. 
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ii) the cemprrhonsivo system of soil classification 
dc'v'clopc:3 by tho United States Dooartment of 
^•qriculturo (USDt») should be suitably modified, 
when necessary, and adopted and brought in lino 
with t'e international system of soil classification 
(as adopted by Food and l^gricultural Organisation/ 
Fl^C); 

iii) expeditious measures should be taken to prepare 
the soil map of India in 1:1 million scale 
an' to organise additional 170 soil survey 
parties in accordeinco 'vith the specific 
rcc.uiremcnts of the States and the Centre, 
and to place necessary facilities at their 
disposal, dwcrial photographs, at least for 
tho non-sensitive areas, should bo made 
available- for accelorating soil survey work; 

iv) the iill India Soil and Land Use Survey 

Organisation which is at present charged 'vith 
the training of soil survey personnel and 
soil correlation and classification at the 
national level, should be appropriately 
strengthened, din integrated training course 
in collaboration v;ith the Indian Photo 
Interpretation Institute of the Survey of 
India should be organised; 

v) the State soil survey.organisations should 
be strengthened with properly trained 
personnel in order to carry out all new 
surveys as well.as resurvoys on the standard 
pattern; 

vi) a close li”ison between the Central and State 
soil survey organisations is imperative. 

For this purnose, the State coordination 
committees, wherever formed, should bo activised, 
and wherever not yet formed, should be 
constituted as early as possible; and 

vii) State coordination committees should utilise 
the existing data on soil survey for land 
use and crop planning after due interpretation. 

In accepting thc:s: recommendations tho Central Government 

has sanctioned as part of the Fifth Plan the ostablishmont 

of a Directorate of *'*11 India Soil and Land Use Survey 

under the lO'^? with 120 field parties and other 

suDporting staff distributed over ‘six regional correlation 
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18.5,3 Soil characteristics dc-tormine the nature and extent 
of erosion. *» starting point for the detcrrr.ination of basic 
erosion rate is, in fact, one of the criteria for the 
classification of soils into comparable soil units. These 
soil units are actually a collocLion of correlated soils 
with similar erosive characteristics. So far little work 
on correlation of the 500 and odd soil scries identified in 
various parts of the country has been don.- and hence their 
classification into units has lagged behind. The programme 
of soil survey should include classification of recognised 
soils into hydrological a.nd orodibility units in order that 
soils producing sediment get quickly identified. In somo 
States, soil survey organisations are yet to bo established, 
and hence soil conservation is reported to be planned and 
carried out on the basis of broad classification of lands. 
Progress of soil and land use capability survey is found 
to be slower t.han that of soil conservation, even where soil 
and land use survey organisations exist. Consequently, the 
latter are not as useful as they could have been for soil 
conservation work. <.goin, even wVierc soil survey has 
preceded, it is observed that conservation measures arc not 
based on soil survey•recommendations. Thes^ gaps should 
be expeditiously bridged. 

Identification of Sediment Sources 

18,5.4 In view of the irreparable damage done to reservoirs 
by siltation, high priority should be attached to the 
treatment of those lands in th*. watershed which deliver 
the largest amount of sediment to th^. reservoirs. 
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Delino^'tion of such lands v.'ould help formulation of 
suitable programmes for rcducinn downstream sediment yiv.ld 
Th.;. 5odimv..nt sources include cultivated lands, pasture 
and forest lands, road banks and ditches, str^. ■'m channels and 
banks, flood plains, gullies and others, i\n examination of 
aerial photographs would often reveal places of sever: 
erosion and chap.nols carrying th; heaviest load of sediment. 
The I.iinistry of ^Agriculture and Irrigation^has developed a 
rapid m.cthod for demarcation ''■f priority areas and watersheds 
for Soil conservation programmes in river valley projects 
with the- help of aerial photographs, followed by adequate 
field ch.;ck and mapping of various orosicin intensity units. 

In the- Damodnr Valley catchment th.. prioriti.:s fixed with 
th.- helo of aeriaj photographs have been subsequently revised 
on the b 'sis of measured silt load of rivers/stroams. 
photointerpretation has to be. subjected to field checking, 
ferial photointerpretation in reg'^rd to erosion has been 
completed for 0,19 million sq km by 1971-72, but even those 
data are r/ithout supporting information like rate of 
erosion etc. from different typ(,G uf watershed, fi time- 
bound programme, therefore, needs to be drawn up for th.. 
aerial survey of the .remaining catchm...nt area and for 
correlation with sediment inflow a.n.d its transport via 
rivers and sl:r.3ms and delivery into reservoirs. This 
would help bceter Identification of prior it i.:-5 for 
treatment, 

1, 1972, Demarcation of priority watershed for soil 

cpnscrv'.ation programmes ^in river vcIlev 
’('me'mcograph’ed), New DeiKi ^ Min'fstry of 
f.griculturc, (Soil Conservation Division), 
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18.5.5 Sediment yield of 'j niven area varies v/ith the pattern 
of precipitation, soil cov^r, land use and land charactcristics, 
Rainfall and correlated runoff are primary factors .hich cause 
differential erosion depending on th.. vegetative cover and 
other land features. The erosive power of rainfall depends 
upon its intensity, duration and frct;uency. I.ong duration 
rainfall of low intensity is le^ss erosive than intense short 
duration torrents, .Is has been stated earlier, the planning 

of watv^rshed management would require quantitative estimates 
of managomc-nt ben._fits for the calculation of which a set 
of minimum basic data has to he ^,nsurod, of thes>_, the data 
on rainfall arc the most imoortant, 

Raingaugc Data 

18.5.6 In India a large coverage- of raingauges exists but 
unfortunately data from nearly half of those are not readily 
available. The total number of raingauges is estimated to be 
well over 8000 excluding those that h-'sve recently been installed 
by government '.'locks and nongovernment agencies like tea 
gardens and other plantation ..states etc. Out of these, data 
arc recoived only from about 5000 raingauges by the India 
f/K-teorological Department, .1 recent scrutiny of 5,561 gauges 
carried out by the Directorate General of Observatories has 
brought out th 't 117, i,e., only 2 p^-r cent of the above 
number inspected have no installation or exposure dcfv.cts; 

out of the rest some are- either unserviceable or nonstandard. 
Assuming that all th-e 500 departmental gauges arc good, a 
total of 617 gauges produce reliable data. For a country 
of the size of India, the number is definitely inadequate 
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Publicotinn ov minfall dJta by States is in arrears of 
3-6 years and in some eases of as long as 15 years, Sclf- 
recotdin:. raingauges or^^ fc-v,-, th^ highest number being 
installed in the Damodar Valley catchment hardly a decade 
ago. In addition, data arc availablv. for a limited number 
of stations for tl-!.. India Meteorological Department (II'/D) 
and a few more established during th^ last 5 years or so 
under the centrally sponsorvod scheme of watershed 
management. The B-D has recently put out a short duration 
fr^:quoncv data in respect of a few intensities. When those 
data arc examined foe oractical application along with 
data collect'd locally, they do not bear the minimum 
scrutiny that is necessary for reliable estimation. 
According to the Vforld I'eteorological Organisation (VJMO) 
the follov/inr r'lnges of precipitation station network 
(Table 13.7) for rncasurem.-nt of surface flow have been 
recommended, 

Table 10.7 

Ranges of Precipitation Station 

Network According to World Meteorological 

Organisation. 


Typo of region 


Range of norms Range of provi- 

for minimum network sig nal norms 

(area in so, km for tolerated under 

one station) difficult 

conditions (area 
in sq km for 
^st ati on)_ 


Flat reniens of 
tempenato, moderate 

and tropica], zones 1,000 to 2,500 3,000 to 10,000 

Mountainous regions 300 to 1,0(X1 1,000 to 5,000 





404 


These ranges would appear to have taken care of climatic 
variations responsible for differences in rainfall over wider 
areas but do not seem to meet the requirements of small 
watersheds. In the context of those figures the inadequacy 
of rainfall data is obvious. To remedy the lacunae the 
following moosurc-s are- obligatory: 

i) location of all raingauges should be ascertained, 
if necessary, by a special scheme within two years; 

ii) all nonstandard raingauges should bo replaced with 
standard ones; 

iii) IjMD's plan for installation of 1,200 additional 
raingauges on the basis of V/MO's recommendations 
should be reexamined; 

iv) a special unit should bo established in the IMD 
with* powers and rc;5ponsibilities and suitable- 
financial assistance to instal additional network 
of raingauges, and collect and publish all 
available data within a period of 3 years; 

v) correction factors applicrable to all the dofoctivc 
raingauges should bv determined as early as 
possible; and 

vi) a minimum nctwork^of self-recording raingauges as 
would enable publication of maps of short duration 
rainfall and frequencies within a period of 10 
years should be established. 

Conservation Programmes for the Plains 

18,5,7 In a number of States soil conservation programmes 

are taken up on an _ajj hoc basis durino the period of drought 
for providing work and succour to the distressed. Large 
funds arc made available from governmental or othur sources 
and gcncr'-lly contour bunding progxam.mes are cx^-cutod as a 
measure of improved moisture conservation. On a long term 
perspective they arc rarely beneficial. More-over, as soon 
as. the drought conditions disappear '-, whatever conservation 
work has been executed languishes in the absence of any 
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maintenance procrarnnio, Unless preceded by proper survey and 
planning, execution of soil and moisture conservation 
programmes would not bo effective. 

18.5.8 The problems of soil and moisture conservation arc 

many. There are, however, a lot of limitations in the matter 

of execution of the programme o.r., lack of adequately trained 

personnel as also finance to tackle the problems in an 

integrated manner. It will, thorefore, be necessary to 

assign priorities to practices and ai'cas that lend themselves 

to imm-ediate high production and favourable benefit/cost 

ratio. On the basis of the points mentioned above the areas 

may bo divided into the follov^ing broad categories; 

i) command areas of river valley projects; 

ii), catchm^ nt arc.as of river valley projects; 

iii) rainfed agricultural lands; and 

iv) other areas, such as pasture lands, forest 
lan.-;'s, wast.'/londs etc. 

Soil and moisture conservatio.n in command areas of rivor 
valley projects should undoubtedly receive the first priority. 
The treatment of th>.5e areas would not only result in 
immediate high returns but also make it possible to utilise 
the entire irrigation potential created by incurring heavy 
capital expenditure. All round development of command 
areas has boon adequately dealt with in Chapter 16 on 
Command fvre-a Dovolopment, Land development including 
levelling -"'nd land shaping, as peart of irrigated 
agriculture, essentially conserves the- soil. Moisture 
conservation in irrigat. d areas is essentially one of water 
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managcmont. Those two aspects arc also suitably discussed in 
Chapter 16. The life of a reservoir depends on the c.xtcnt of 
silt bcinp brought by runoff from thv. . catchment areas and , 
deposited therein. Treatment of th.esG areas by conservation 
measures e/ould not only result in blotter benefits to the people 
inhabiting these areas but aleo help in prolonging the lif>- 
of the reservoir. It is obvious that th.y should receive 
the same priority as the command areas. 

Rainfed Agriculture 

18.5,9 Of Lhe total area of 109 (Table 18.2) under 

rainfed cultivation about 31 pe r cent fall in th^ high 
rainfall (1,150 mm and above) r..gion, 34.5 per cent in the 
medium rainfall (750 mm to I.IX) mm) region and the remaining 
34.5 per cent In th, low rainfall (upto 7,50 mm) region. It 
is in the latter two regions that cropping efforts suffer 
because of poor returns "ncl great instability. This 
situation drew governmental attention as «_arly as th^, eighties 
of the last century wh.n the Famine Commission recommended 
protective- irrigation but this was possible only to a limited 
extent. It v;as, however, realised that soil and moisture 
conservation would, to a great extent, help in overcoming 


the uncertainties and in'-deguacies of rainfall, arch>..s 

on dryfarming practices aimed at increased moisture 
conservation for the use of growing crops have been in 
progress for more than 30 years and certain useful practices 
for soil and moisture conservation have been developed. 
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18.5.1C In rniiny dry land is very undulating as a 

result of ;:rosion of different kinds over a long period of 
time. Erosion thus creates differentic?! topography of flats, 
slopes an;' villcys, '.vhich adds to the pro'olcn of soil and 
moisture conservation. In each of thos,e class..s, conservation 
measures '-loulr' vary and it would necessary to introduce some 
basic soil 'md mrjisture conservation measures before thi.; 
other components of th.. new farm tc-chnclogy could bo 
successlully introduced. For doing this, consolidation of • * 
I'ndhcldings is a prerequisite. Soil characteristics play 
a dominant role in soil and moisture conservation as water 
infiltration and ir'-•nsmission are dcpv.ndont on the physical 
proporti.s of th soil both at the surface and subsurface 
regions. Incidental]y, in the dry areas a large extent 
is occupied by deco and medium olack soils char<'ictcrlsed 
by high contents of montmorillonitic clays. The swelling 
nature of th.:se clays and their high percentage in the 
soil render infiltr'tion of rain water thiough the surface 
and its transmission to lower depths difficult. Even 
though such soils h^ve high retentive and storage capacity, 
conservation becomes a problem. This is because water 
stagnates and thereby growinr crops are adversely affected. 
There are other types of soils in these areas, 
particularly rod soils, which have distinctly differ.nt 
physical characteristics. Being lighter in texture and 
constituted of 5c:condary minerals mostly composed of 
kaolinites, water infiltration and transmission becomes 
favovirable. f.s a result moisture conservation measures 
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succeed. It is, therefore, recommended th^^t due consideration 
should be given ':o tli... physical i'nd morphological characteristics 
of soils in the- dovGlopm._nt of precise technioues for soil 
and moisture conservation. V\/hcrover possible, the physical 
properties of the soil have to be improved so as to 
f^^cilitatc infiltration and transmission of the rain water. 

The- methods of improving physical properties of soil and 
soil structure are broadly known, but in a specific situation 
further studies may b., required. 

Bombay Dryfarming System 

18.5,11 In Maharashtra considerable v^ork on soil and 

moisture conservation in dry areas has been done, A package 

of practice's knovjn as th- 'liombay Dry farming System' 

conserves soil moisture and ensures crop product ion, It 

consists of contour bunding for prevention of runoff and 

soil erosion; d .ep tillage once in three years; surface 

tillage by harrowing four times at monthly intervals 

during and after the onset of monsoon; addition of bulky 

organic manures once in three years; low plant population 

per unit area through wider spacing (45 cm b,.tween rows) 

and low s^ed rate (4,5 kg of sulphur treated seed of jowar 

per hectare); intcrculturing four times during the crop 

season; rotation of jowar with gram; crop mixture, of jowar 

with safflower or linSv.ed and fallowing. It is of utmost 

importance that for realising maximum benefits the 

package of practices in dry -areas should be adaptable- to 

different soil and climatic regions. Ther^ should be a 

selectivity of approach and the practices should provide 

1 Kanitkar, N.V., et 0 1 {1960 ) Dryfarmin*7Tn’'l~dTa*r'“ 

IO>R, New Delhi, ' ' ’ ' ’ 
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reasonable opportunities for maximum conservation of moisture 
an'l its utilisation. Individual practicc-s developed by 
scientific experimentation ar^- rar:. ly acceptable if th^y 
do not ensur increased output of crops. When different 
practices like better tillacj^ , soil and moisture conservatien, 
better varieties and better nutrition are mad^: to interact, 
yield and incom.: per unit area are likely to be higher. 

The e.conomics and b. nefits of soil and moisture consv.rvation 
measures in diff^r^nt soil and climatic regions have been 
discussed earlier in paragraphs 13.3,1 to IS.3.5. 

Farm Ponds 

18,5,12 Studies conduetc^d in th^ dry r._gions of Maharashtra 
where mo teor • lor ica l conditions are uncertain and ^-rra i ic 
have shown that out of th^ total riinfall only 10-20 p;.'r 
cent is 'vailabl. to crops, th^, rest being lost as runoff, 
dr 'inage, evaporation etc. Having regard to this fact, 
and under conditions of erratic and scanty rainfall of 
about ;>or'i_5go mm in th^ scarcity zone, it woujd appuer that 
there is a serious limitation of v;atcr and good yi^.Id of 
cereal crops like jowar or bajra cannot be ^xp^cted. There 
is a possibility of increasing the yield of crops provided 
water availability is augmv.nt>„d by adoption of suitable 
engineering and cultural methods. Field trials have shov;n 
that increased crrjp yields to tlw vextont of 33-70 per cent 
may be achieved by adoption of soil and moistur(i 
consc-rvation methods. Even aft.-r adoption of usual 
moisutre conservation practices, there are periods when 
the moisture d^.plv.tion reaches a critical limit, thereby 
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advcrsoly affecting the crop. In such a situation it becomes 
necessary to make water available for saving the crop from 
deterioration or failure. This can be achieved by taking 
recourse to water harvesting, a good instance of which can 
be found in the construction of farm ponds. The technique 
is developed for farms of 4 to 5 hectares where water is 
stored in a tank at the lowest level by diverting all surface 
runoff by laying the plots into contour strips. The stored 
water in the tank is useful in giving supplementary irrigation 
and thereby increasing the yield of crops from a portion of the 
farmed area of the catchment. The technic ue can be studied 
and further developed and followed in different regions after 
suitable modifications, wherever necessary. V/ater harvesting 
technique would also involve increasing i.he runoff by reducing 
soil permeability by mechanical and chernica] means. 

Other V/ater Conservation iteasures 

18,5,13 Experiences in different parts of the country on 
the practices such as contour cultivation, contour bunding, 
field bunding, levelling, various types of terraces, 
especially conservation bench terraces, have shown that 
conservation of rain water and oroper utilisation of the 
conserved moisture are possible and crop yields can be 
substantially increased. It is, therefore, emphasised that 
the rain water in such regions should be conserved to the 
maximum extent nossible both in the soil profile and 
surface storages, Praci,icGS like nallah bunding, water 
spreading, water harvesting from part of the area and 
utilisation in the remaining area, village tanks. 



ronnovation of old tankf should receive urgent attention. 
For proper ut i] I'-at ion of conserved and stored moisture, 
mulching, deep placement of fertilisers, training roots to 
tap doeoer layers using suitable crop varieties, weed 
control, interculture c:tc, should be resorted to according 
to th' Specific situation. 

Agronomic Practices in Rainferi Areas 

18.b,14 In the dry areas, soils suffer from nutrient 
deficiency, particularly of nitrogen. If good crops are 
to be grown and conserved moisture efficiently utilised, 
it. would be necessary to supply nutrients in adeuqate 
measure. Band placement of fertilisers in subsoi] layers 
is one verv good moLhod of helping the roots to go 
deep for exoloiting the conservedi moisture. In addition 
to this, foliar feeding at the time of grain formation 
is a potent method of supplying nutrients under dry 
conditions, r.iixed farming has immense possibility in the 
dry farming areas. Alternating grass and crop varieties 
is an important measure of soil consorvaion and moisture 
preservation. Therefore, in the multiple cropping 
programmes, grasses should find a place. 

18.5.15 Conservation measures on lands subjected to 
rainfed ageiculture and others including waste lands, 
gra-zing lands, sloping lands, gullied and ravine lands, 
should be similarly taken up 'within a reasonably short 
period. .States should accordingly build up their soil 
conservation organisations and resources. Lands under 
dryfarming should be brought un(3er s'jch conservation 
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measuxes as contour cultivation, strip cropping, etc, as they 
do not involve any capital expenditure or high technique. In 
spite of the best efforts to increase the extent of irrigation 
the bulk of agriculture in the country v/ould continue to be 
under rainfed conditions. The most important limiting factor 
to good agriculture in such a situation is soil moisture. 

Over large areas the total annual rainfall is below 1000 mm 
and that too concentrated in 3-4 months of the year. Even 
in areas of higher rainfall dry conditions prevail for a 
major part of the year, A paradoxical ccnc'ition obtains in 
the sense that even though the total annual rainfall can 
sustain two or more crops in the year, the pattern of it 
is such that hardly one crop subsists. The latest advances 
in the technology of dryfarming put maximum stress on "the 
soil and moisture conservatir)n practices such as tillage 
operations -/ith suita’ole ■ gricultural implements, various 
cultural practices,, bunding, consfructlon of small tanks and 
reservoirs to conserve rain water and runoff thereby 
increasing subsoil moisture and groundwater recharge. Those 
are the basic practices on which others like introduction of 
short duration crops, foliar spray of nitrogenous 
fertilisers etc, can be superimposed. 

Treatment of Private Degenerated Lands 
18,5,16 There are private degenerated lands where the 
owners often fail or are unable to take effective measures 
of soil conservation, V/ith the enforcement of land ceiling 
in all the States the extent of such lands under any 
individual ownership may not be high, but in a given 
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catchmc?nt there may be a sizeable extent of such degenerated 
lands, r.'hicli will continue to be the foci of erosion unless 
provision is made for tlie conservation of subsoil water 
or the prevention or raitip; ti^’p. of erosion on such lands. 

In some cases, such lands might h-’ve been kept out of 
cultivtion on consideration of several factors incluciing 
farming being uneconomic. In the draft model Soil 
Conservation Act circulated to the States, it is provided 
that th:. State Government may declare such areas to be 
notified for the purpose of preparing land improvement schemes 
For the uncuHivable lands, the scheme may include provision 
for plantin'; and preservation of trees, shrubs and grasses 
or providin:- shelter belts against wind or sand or for 
any otho:- purpose. Reclamation, including afforestation 
of suci'i lar.'ds is provided for in the model Act. The model 
Act includes, in apdition, obligatory maintenance and 
repair of any afforestation works that may be carried out 
as a port of reclamation or land im.'rovem ;nt. VJhcre such 
lands belong to individuals, the approach- proposed for 
farm forestry in our Interim Report on Social Forestry 
may be followed, and the forest departments may provide 
for the necessary technical support 'ihrough their extension 
organisation that may be set up. Wiere the wastelands or 
degenerated lands belong Lo Government or panchayat or 
constitute village commons, the worl may be carried 
out by thforest departments in the manner recommended 
for mixed forestry in the above Interim Report. It 
should be bornr’ in mind that for mixed forestry to bo 
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successful there should bo a reasonably compact area of 20 
hectares or more available at one place, and that it is 
possible to associate the panchayats vjith the protection of 
mixed forests so created. 

Conservation Measures in Sloping Lands 

18.5.17 Where siltation rate in the catchment of a proposed 
reservoir is sufficiently high, the economics of the project 
should be worked on the basis of the prevalent siltation 
rate and thereby the economics of loss in the irrigation 
command. This economics has to be considered against 
investment in quick conservation measures for the catchment 
area to bring down siltation to a reasonable level and 
thereby olanning for a regimen v/ith larger storage. As 
reservoir sites are few, wherever a good site is found it is 
in the national interest to ensure that the catchment soil 
conservation is taken up simultaneously with the reservoir 
construction so that the life of the reservoir may be long, 

18.5.18 Considering the magnitude of the problem and the 
number of different soil and moisture conservation measures 
that have to he undertaken in the catchment of a reservoir 
and looking at what has been achieved during the last two 
decades, one may be inclined to treat the problem as 
insurmountable. In our opinion, such a pessimistic attitude 
can arise if soil and moisture conservation in the catchments 
of reservoirs is taken as a programme only benefiting the 
reservoir and its capacity. If the pro'jlem is looked at 

in the broad context of proper land use in the country for 
maximising production under the agroclimatic conditions 



and soil conditions of a region/ the entire outlook will have 
to change. We would urge that instead of treating this 
problem merely as one of saving the life of reservoir/ t)ic 
nation should look at it as a part of programmes for 
maximising land use. All that is necessary is that these 
programmes are drawn up in a coordinated manner in tlic 
catchjncnt areas of reservoirs on a priority basis so that the 
additional benefit of reservoir rehabilitation can be 
obtained. 

Afforestation 

18,5.19 The importance of forests and afforestation in 
preventing erosion of soil and siltation of rivers and 
streams has been emphasised in Chapter. 41 on Forest Policy. 

It h.as been mentioned tficrein tliat protective influence of 
fore.'-ts in localities vulnerable to erosion and degradation 
sJiOuld be brought to bear in full by suitably managing the 
existing forx?sts and providing for their rehabilitation. 

This v;ould ultimately lead to maintenance of water balance/ 
control of erosion/ prc.'vention of rapid silting of 
reservoirs and moderation of floods. Considering the limited 
forest area available in catchment areas of river valley 
projects/ it is all th.e more necessary that every bit of 
degraded forest land should be brought back to proper 
condition. Afforestation of degraded forest lands has been 
accepted as one of the programmes to be taken up in the 
upper catchn'cnts of river valley projects. The effort in 
this direction has to be intensified, Tlie maintenance of 
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forests or the develcement of the saine in degraded forest areas 
of the catchment can be taken up either as a programme of 
cormicreial forestry as suggested in our Interim Report on 
Production Forestry-Man-made Forests, or as a social forestry 
programme for improving fuel wood and timber supply to the 
villages as suggested in our Interim Rejport on Social Forestry. 
Both these prograv-mes are going to be implemented in the country* 
If done in catchment areas, a substantial portion of soil 
conservation problem may be surmounted. One of the difficulties 
in the proper conservation of forest lands in catchments of 
river valley projects is the presence of extensive rights and 
privileges of villagers for grazing and for collection and use 
of forest produce* It would be necessary not OTily to regulate 
their rights and privileges but a}so to supply their requirements 
of forest produce in such a manner that the important role of 
forests in conserving soil and moisture is not lost sight of, A 
fuller discussion on these aspects has been made in Qiapter 42 
on Production and Social Forestry and in Chapter 45 on Forest 
Protection and Law, 

Grass Production 

18.5.20 Experience has shown that grass production is an 
important activity for the rehabilitation of degraded areas in 
the catchment. It has also been found that such grass growing 
has been profitable and has led to the development of pastures 
only where marketing facilities have been provided. The nation 
is embarking on a large scale commercial milk production 
programme and also sheep breeding programme. In these contexts, 
it has been suggested that grass reserves should be created in 
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forest areas and conununity lands. By a citable linkup of 
the programme of milk-production with the creation of grass 
reserves in the catchment of reservoirs^ production of 
grass will become an economical venture and hence the 
maintenance of such reserves is assured. At the same time 
this v/ill solve the problem of soil and moisture 
conservation. 

Conserv^ation for Productivity Increase ■ 

18.5.21 Experience has also shown that contour bunding and 
other soil conservation measures taken up on cultivated lands 
in the catchment have led to greater productivity. The 
investment becomes economical where the productivity increase 
is reasonable. If areas showing such economic rise in 
productivity are identified In catchment areas and an 
institutional programme of credit is developed, the farmers 
should be able, in their own interest, to take up soil 
conservation measures on their lands. It is in the interest 
of the nation to ensure that such programmes are developed 
and farmers enthused to carry out the programmes in catchment 
areas of reservoirs on a priority basis. There may be 
marginal areas where some amount of capital subsidy may be 
required to ensure viability. The nation is already 
subsidising in many States soil conservation programmes in 
varying degrees. Such programmes may be utilised for dealing 
with these marginal cases. If identification of running 
programmes for implementation in catchment areas is done on 
a priority basis, such areas as do not respond in terms of 
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Incireascd productivity to conservation measures may be 
minimised and covered by a catchment area soil conservation 
programme in the interest of the reservoir. Thus^ the problem 
of direct investments by the State may be substantially 
minimised* We* therefore* recommend that soil and moisture 
conservation measures in catchments of reservoirs should be 
taken up as an important part of improved land use" programmes• 
The various land use programmes should bo so coordinated that 
additional funding required for conpleting the process of soil 
and moisture conservation is minimisovd. we would also recommend 
that after the minimum involvement whicl'i may be of economic 
return to either forestry or agriculture* a phased programme 
for direct investment by the States to save reservoi r-s from 
siltation should be taken up. 

People's Participation 

18,5,22 The Irrigation Commission assessed that about Rs,8CX> 
crores would be required to take up corrective measures in the 
catchment areas of 35 river valley projects. Owing to rise in 
operation costs^ a correspondingly higher estimate would be in 
order. The cost of construction and management of the large 
number of watershed projects under construction and contemplated 
for the future is bound to be enormous. To this must be added 
the cost of maintenance which is going to be higher as well. 

In works of this nature covering wide areas and involving a 
large number of people* extensive,participation of the people 
i'he district* block and village levels would ensure 
superior performance and higher achievements. The ownership 
of the land* except in the higher catchments* being by and 
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large private, people's participation at all levels is all 
the more desirable, especially in the maintenance programme. 

In view of the huge cost involved in’watershed protection, 
it may be beneficial to localise various plan programmes so 
as to. tackle tnc prcblans of catchment a^reas. In the matter 
of maintenance^ the farmers should be educated about the 
need of investment in soil and moisture conservation measures 
for better agriculture. 

Inter-State Projects 

18.5,23 Out of 29 large storage projects including those 
under construction with a toteil storage capacity of 10.26 
mham, only 5 covering 1.45 mh^ are single-state projects. 

All the others concern two or more States, There are still 
others with catchment area of lOOO sq km and above and 
storage of 12,5 thousand ham and above which are of 
inter-state, character. In the case of Mayurakshi and 
Machkund projects the Catchment and command areas are entirely 
in two different States, review of the large number of 
medium projects under construction upstream of the 29'large 
projects would further illustrate how their hydrology 
concerns more than one State, The classical example is of 
Madhya Pradesh which accounts for more than 33 per cent of 
the catchment area of most of the major projects under 
construction in the country. Cnee all the medium projects 
numbering about 5(X) are completed, it will perhaps be 
impossible for any State to be independent of the hydrological 
situation in the river basins concerning its projects. By 
and large, "thorefcro, it would be advisable to treat all 
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storages with a hypothetical limit of 12*5 thousand ham and 
above as having inter-state implications. Accordingly^ most 
of the watersheds in the country arc inter-State in character 
and it is liXely that the water resource development projects 
are situated in one State and the watersheds arc distributed 
in the neighbouring States, In such a situation, the Centre 
should provide financial and supervisory assistance for the 
watershed management. Since the benefit accrues directly to 
the States in various ways, such projects should be financed 
by the Centre and the States concerned, as is prevalent now, 
namely 4 50 per cent as grant and 50 per cent as loan. 

Documentation of Silt and Other Data 

18.5.24 It has been mentioned earlier in paragraphs 18.4.9 
and 18*4,10 that on account of many gaps, inaccuracies and 
sketchy nature of silt data available-in the States, full 
utilization of these data has not been possible. In spite of 
standardised procedures, uniformity has boon lacking in silt 
data collected by different agencies. Moreover, owing to 
dispersal of data centres retrieval has been^difficult. The 
work of gauging silt and discharge of various rivers and 

their tributaries should, therefore, bo a central responsibility. 
Adequate funds should be provided for the purpose, A similar 
view has been expressed by the Subcommittee of the National 
Committee on Science and Technology on sedimentation and 
watershed management, 

18.5.25 It has been observed that particulars of watersheds 
of existing river valley projects are not available in the 
project reports except some general references to the 
characteristics of the watersheds, in the case of conpleted 
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projects, the changes that are talcing place in the watershed 
arc not systematically recorded which would have enabled 
corrective measures to be taken, where necessary. Generally, 
the storage projects which were completed decades back have 
been adversely affected due to excessive siltation. In these 
circumstances, it is reccxtimended that particulars such as 
soil characteristics, erosion, vegetal cover, land use changes, 
climatic components including rainfall pattern, etc. of the 
watersheds should be continually collected and systematically 
studied in order to take corrective measures. For river valley 
projects which are situated in more- than one State-, the data 
should be collected by the Ministry of ^Lgriculture and 
Irrigation with the assistance of the concerned States, 
analysed and stored in one place for thje benefit of users. 

Watershed Management - an Integrated Approach 
18,5.26 The watershed management is a complex affair, and 
as such it is e3q3edicnt to separate the watersheds into a 
number of units of control, i.e., subwatersheds. The size 
of the Eubwatersheds would vary depending on the hydrological 
control measures that can be installed. Further, this would 
facilitate adoption of measures in a selected manner and 
at the same time their evaluation. The earlier practice of 
considering big subcatchments of a river valley project 
running into several hundred square kilometres as the unit 
v;as hardly helpful in determining priority areas. Priorities 
may be based on the actual or estimated sediment yields. 

There is, however, a limitation to subject all the watersheds 
to this direct method. It, tlicrefore, becomes necessary to 
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use the available data on hydrology and sedimentation and 
project the Bame into the ungaugcd areas with as much accuracy 
as possible* The need for more data has been realised and 
action taken by the Central Water Commission, As data 
accumulate from a variety of watersheds/ methods and procedures 
have to be refined to enable allotment of more accurate indices 
to each parameter of sediment production. As already mentioned 
in paragraph 18,4,9/ discharge observations are being taken 
at 1157 sites out of which sediment data are being collected 
at 432 sites only. More such sites are likely to be set up to 
cater to the needs of future projects. Even then Uie number is 
too small and hence the location o f gauging stations should be 
planned carefully to cover all major situations. In view of 
the urgency and inportance of sediment data/ it should be made 
obligatory on the part of all the discharge observation sites 
to obtain sediment data as well • Tht. accuracy of data depends 
upon the sephistication of equipment/ the frequency of 
observations and checks, but it may not be possible to adopt 
the best standards at all the sites. However/ at least lO per 
cent of the observation units to be run by the central agency 
should be 'A' class stations. By correlating the observations 
taken at such 'A’ class stations with those of the remaining 
stations/ the accuracy of information obtained in the latter 
should be improved as in ’B* or ’C* class stations. The 
available techniques for the measurement of suspended silt 
load and bed load rolling with the river flow should be 
improved on the basis of research work. 
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18.5.27 The condition of the watorshej and its tnanagement 
have a bearing on (a) runoff volume, (b) rate of discharge, 
and (c) rate of sediment load, a knowledge of all the 
three sets of data is, therefore, necessary to plan 
effective watershed management operations. Ideally, the 
watershed management should start earlier. This, not being 
possible in practice, should at least be initiated 
simultaneously with the execution of the project itself. By 
doing so, stabilisation of the watershed is achieved earlier, 
thereby putting the water resource development project on a 
firm basis. This integrated approach consists in (a) 
designing and constructing major engineering structures, 

(b) taking measures for sediment control and (c) taking 
measures for land erosion control. A* review of projects is 
needed to find out vrtiich of the above factors dominates, 
so that timely and proper management measures may be adopted. 
While Considering the watershed management of river valley 
projects, it would be necessary to identify those tributaries 
which are responsible for more silt load in the rivers than 
others. In this way areas to be treated for conservation 
purposes may be selected on a priority basis. The watershed 
management programme is aimed at not merely prolonging the 
life of a river valley proJcx:t but also to save the valuable 
soil, which once lost, is gone for ever. It is, however, 
a programme distinct from tho ;,or*eral soil conservation 
works and requires careful survey, planning, priority 
determination and a different strategy of action. Priority 
determination cannot be done by a study of the watershed 
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factors alone and assigning arbitrary indices of sediment 
production and delivery. Priority determination should be based 
on sediment yield and experience in similar catchment areas. 

The treatment strategy essentially consists in controlling 
sediment deposition, followed by land treatment measures like 
bunding, terracing and afforestation. 

18.5.28 It IS desirable that whenever water resource 
developments are contemplated and executed, watershed 
management should be initiated simultaneously. The watershed 
management being a process of overall land use, land 
improvement and sedimentation control may oven be independently 
executed because of the accrued benefits, and need not be tied 
with Water resource devclcpment projects. There is need to 
evolve a yardstick for calculating benefits of overall land 
improvement and sediment control. Act present, water resources 
development projects arc handled by one organisation, whereas 
watershed management projects arc handled by another. But the 
two are so intimately related that whenever a water resource 
development project is planned, the authority responsible for 
watershed management should be simultaneously associated, so 
that both works run complomentarily and parallely. The appraisal 
of the progress highlighting interdependence of the two projects 
should be made annually, in a systematic way so that corrective 
measures are taken timely and the benefits arc maximised. 



6 CRGANISATICN AND FINANCING 


18.6,1 At present soil conservation in the States is carried 
out as one of the independent activities of either the 
A^griculturc Department or the Forest Department. While in 
some States like Bihar and Punjab/ there is one officer of 
the rank o‘f Director, Soil Conservation, in most others, the 
soil conservation programmes arc looked after by an offioer 
of the rank of Additional or Joint Director of Aigriculture. 

The activities in the States are, in general, built round 
works related merely to contour oundxng ana terracing. In 
most States, with the possible exception of Uttar Pradesh, 
there is no specialist staff either at the State or the 
divisional level, who' could make proper assessment of soil 
and moisture conservation measures and heln farmers solve 
problems of soil deterioration and water waste. There is also 
none to carry out functional field inspection of various 
programmes and practices in respect ot thrt.Hr technical adequacy 
and workirg efficiency. In most of the States at the 
headquarters level there is no planning cell to ooiicct and 
compile-data on the problems, achievements anfl boni:-.-Fits of 
soil conservation. There is no Specialist at tho state'level 
to provide information and publicity in regard to soli 
.conservation and to bring out extension m^iterial for farmers 
and others, For a comprehensive planning and effective 
execution of soil conservation programmes, it is necessary 
to strengthen the organisation adequately, to meet the 
requirements of a coordinated programme of conservation, 
use and management of soil and water. In order to effectively 
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plan and implGmenl: the soil conservation programme on the 
linos indicated abovc^ it would be necessary to have 
technically competent and numericaLlly adequate number of 
personnel at all levels. 

18.6.2 in view of the constant shifting of technical staff 
from one area to another and the emphasis laid on treating 
additional area every year to achieve the prescribed targets, 
provisions regarding maintenance have not been enforced fully. 
This has resulted in areas treated earlier reverting to their 
original condition within a few years. The practice of 
frequent shifting of technical personnel from one section to 
another should, therefore, be exaimined in the light of the 
situation mentioned above and be preferably stopped. It has 
to bo recognised that soil and moisture conservation is a 
continuing programme and needs continuous follow up and 
maintenance. The jurisdiction of an Assistant Soil Conservatioi 
Officer should be fixed and he should-be required not only to 
tackle flTesh problem areas but also to maintain the areas 
already treated. An area treated once with physical measures 
like terracing etc,, can bo taken up for fresh treatment 
after 5-7 years depending on the condition of deterioration. 

It is obvious that measures, if taken timely, would be 
ccxiparatively less intensive and also less e3<penslve. 
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Intcr-Dircctorato Committee 
on Soil Conservation Works 

18.6 in matters of coordination/ policy decision and 

execution/ State soil conservation boards serve a limited 
purpose. The Central Soil Conservation Board which started 
functioning in 1953 was subsequently abolished. In a few 
States like Maharashtra/ Jammu &• Kashmir/, soil conservation 
boards do not exist. In Maharashtra/ 'however/ there is land 
improvement coordination committee at the district level. 

The Model Act provides constitution of the board at the State 
level to take decisions on policy matters and give necessary 
guidance for the execution of the programme at the cpcrational 
level. Ail «dcp,artnE nts directly 'or Indirectly involved in the. 
conservation and management of Stsii ^nd water resources in 
a S'tate arc associated with thd board. Most of the St^toe 
have constituted the board. The programmes under each or 
these departments,/ if not executed jointly v/ith the Soil 
Conservation .Board/ may/ perhaps inadvertently/ lead 'to 
increased erosion/ obstruction of natural drainage and 
destruction of vegetation. Because of the multi-disciplinary 
nature of soil conservation measures/ the departments concerned 
have to be involved, BUt the Board consisting of 
Minister-in-charge of Agriculture as the Chairman/ and four 
members of the Legislature/’the Chief Engineer for 
Irrigation in the PWD/ Heads of Forest and Agriculture- 
Departn ents and the Secretary to the Department of Agricm tnr-p 
as the Secretary of the Board is no doubt a high powcrec' 
body but perhaps not the right one to launch a 
multidisciplinary action programme on soil conservation. 



Instead/ an inter-directorato committcG presided over by the 
Agricultural Production Commissioner (Chapter 62 on 
Administration)'may take up soil conservation on a coordinated 
basis and as a special action programme. In that case the 
Board may simply have a policy making function. 

Financing Soil Conservation Works 

18.6.4 The financial assistance for carrying out soil 
conservation works given by the Centre to the States Is in the 
form of loan/ grant and subsidy. Some States utilise the 
sub^dy towards cost of establishment etc, for soil 
conservation works. The State Governments do not have 

adequate funds if the cost of soil conservation incurred by 

* . • 

Karnataka and Maharashtra is an indication. Out of the funds 
made -available in the . form of loans» ftfrcvgramiaQS in most -of the 
States are being drawn *ip and executod. It should be the 
responsibility - of State Govcrrxncnts to execute soil 
conscrUAtiOh wocks initi^ly -At -ooet* Adequate 

funds should/ therefore/ be provided in the annual Txidgot^ 

\ 

The State Governments should have the further responsibility 
to suitably and effectively phase the execution of soil 
conservation programmes over a reasonable period. 

Recovery of Cost of Soil Conservation Works 

18.6.5 In seme States the procedure followed in respect 
of recovery of contour bunding dues is that as soon as the 
works are completed/ recovery statements are prepared and 
sent to the Revenue Department* Iho Revenue Department 
enters the same in the village revenue records against the 
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lands in _which soil consc^rvation works arc executed* The 
recoveries of bunding dues are made in 10-15 annual 
instalments as arrears of land revenue. In some States, the 
cost of bunding works is treated'as taccavl loans and the 
Same is recovered in a numhejr of instalments- already fixed. 
Preparation of recovery statements is a cumbersome work 
entailing -time and staff. Watching the recovery of 
instalments is equally tedious. Some having experience in 
the execution of soil conservation works- are -of the view that 
this procedure should be done away with. The altcrn’ative 
procedure suggested is to increase the land revenue of such 
lands in which the soil conservation works are executed to 
such an extent as to cover the interest on the recoverable 
cost. The interest amount so worked out should be the increase 
in the land revenue assessment of the land in which the soil- 
conservation works are executed. If merged with the land 
revenue/the income in several places would go to local bodies 
and thereby the State docs not got the re-tupn on'-the 
investment. It is, therefore, recommended that the amount • 
due from each landholder should be recovered in a suitable 
number of instalments depending on the nature of operations 
and cost involved. The number of instalments may be made 
conveniently larger in case of small and marginal farmers. 

In course of time this concession should apply to marginal 
farmers only. The collection may be in addition to the 
usual rent roll and it would not create any particular . 
accounting difficulty. The procedure is truly applicable 
to cultivated lands in the catchment areas and in the 
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command areas as well. For lands in the catchment area which 
arc suitable for afforestation and gra^s production, the 
same procedure of recovering the cost would not work. In such 
cases, the Forest Department should take charge of such areas 
in the manner mentioned in paragraphs 18,5,16 and 18.5*20 
especially for privately owned degenerated lands. The Forest 
Department may suitably afforest and plant grasses, as part 
Of its afforestation and conservation programme and realise 
part of the expenditure from the sale of either forest 
produce or grasses,. Grass production-in areas outside the 
jurisdiction of Forest Department and social forestry should 
be left to the Animal Husbandry Department, 

Soil Conservation Act and Legislation 

18,6.6 Acting on the directives issued by the Government 
of India frem time to time, most of the States have enacted 
legislation for the conservation of soil and water resources 
in the States, A study of the Acts received from 9 States, 
viz,, Uttar Pxadesh, E^injab, Madhya Pradesh, Rajasthan#’ Bihar, 
Maharashtra, Karnataka, Jammu ■-& Kashmir and Kerala indicates 
that uniformity has not been maintained in all the States in .. 
the Soil and Water Managcr.'ent A,ct, Soil conservation measures 
cannot be effective if the entire watershed is not simultaneously 
treated. The watersheds arc not cotdrminus with the State 
boundaries and in order to have uniformity in their treatment, 
uniformity of legislation in such of the neighbouring States 
would be helpful. An examination of the Acts received from a 
few of the States has further revccaled certain lacunae whi'ch 
have to be rectified. The procedures laid down under the 
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various provisions of the Act are laborious and time-consuining. 
In order to reduce timc—consuming formalities and include 

t 

some of the recent developments made in conservation 
technology/ a reexamination of . the *\qts^is necessary. The 
land consolidation Acts Should ma|^ necessary provision to 
associate soil conservation workers so ti>at consolidation 
work conforms to the land development pattern. 



7 RESEARCH AND TRAINING 
Soil Conservation Boards 

18,7,1 Research on soil and moisture conservation received 
governmental att®rition in the thirties with the initiation 
of the schools on dryfarming ^vide paragraph 18,4,3) , It got 
a real fillip in 1953 when the Government of India set up a 
soil Conservation Board with the Union Minister of Agriculture 
as the Chairman, In view of different disciplines being 
involved^ the Board was constituted of members from various 
departments^ namely, the Secretary, Department of Agriculture, 
Agricultural Gornmissioner^ ICAR/ inspector General of 
Forests^ secretary. Ministry of Irrigation and Power^ Member 
(Waterways, Irrigation and Navigation) of the Central Water 
and Power Carnmission and Deputy Financial Adviser^ Ministry 
of Finan#e^ One of the main functions of the Boards, among 
others, was to organise, coordinate and initiate research in 
soil conservation. The Government of India also advised the 
States to set up similar State soil conservation boards for 
assessing erosion prsblems, to formulate policy in matters 
of prevention of soil deterioration and to execute soil and 
moisture conservation programmes. Since then, barring a few 
States, all others have established the soil conservation 
boards, which are directing the execution of programmes of 
soil and moisture conservation. In pursuance of its objectives 
the Board at the Centre established nine regional research- 
cum-demonstration^cum-training centres (a) to carry out 
research an specific regional problems with a view to 
develc^ing criteria for erosion hazards and establishing 


432 



standards of efficiency for the various soil and moisture 

conservation practices, individually and in combination; 

(b) to carry out fundamental research on hydrological 

laws governing, the watershed behaviour under different 

management practices; and (c) to serve as demonstration 

centres for developing proper knowhow for soil 

conservation measures. These centres are located at 

Bellary (Karnataka) , Ootacamund (Tamil Nadu), Dehra Dun 

and Agra (Uttar Pradesh), Hazaribagh (Bihar), Vasad (Gujarat), 

Kota (Rajasthan), Chandigarh, and Chhatra (Nepal). Later in 

1962, one centre was established at Ibrahimpatnam (Andhra 

Pradesh) to study the problems of red soils in low and 

% 

medium rainfall areas. Besides, a central research 
institute at Jodhpur was started in 1952 as Desert 
Afforestation Research Station with the collaboration of the 
united Nations Economic, Social and Cultural Organisation 
(UNESCO) to tackle desert problems. It was reorganised in 
1959 as the Central Arid Zone' Research Institute. The 
research centres mentioned above are expected to concentrate 
on the major regional problems of the country as shown in 
the tabular statement below. The Hazaribagh centre is being 
run by the Damodar Valley Corporation in cooperation with 
the Bihar State Government. The Chhatra Centre is no 
longer with the Government of India and the Ibrahimpatnam 
Centre is being used as a research station of the ICAR 
coordinated project on dry farming. The six remaining 
centres are nov/ attached as substations to the Dehra Dun 
centre which has been renamed as the S!oil and Water 
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Conservation Research and Training Institute, The major 
research problems dealt with by the Centre are as under: 

Dehra Dun* « Erosion control in the Himalayas; 

training of torrents; stabilisation 
of land slides; development of 
techniques for crop production; 
establishment of pastures and 
forestry. 

Survey^ classification and *- 
reclamation of ravines; production 
of cropSy forage and forestry in 
the ravinous areas of the Chambal^ 
the Mahi and the Yamuna 
respectively, 

Chandigarh - Erosion control,in the Siwaliks; 
training of chos . 

Ootacamund* - Soil and water conservation in the 
Nilgiris; developing standards 
for construction of bench terraces 
for potato cultivation; development 
of techniques for crop production; 
establishment of pastures and 
forestry; conducting studies of 
hydrological conditions under 
different vegetative covers, 

Bellary* - Soil and water conservation in 

black soil areas; development' of 
bunding techniques in black cotton 
soils. 

Ibrahimpatnam - Soil and water conservation in red 
soils under low and medium rainfall 
regions, 

Chhatra - Erosion control in the Kosi 
catchment. 


* These centres are also charged with the responsibility 
of imparting inservice training to gazetted and 
nongazetted personnel sponsored by the State Governments. 


Kota ) * 
Vasad ) 
Agra ) 



state Rcsponsibilititis 

18,7.2 Apart from the major regional problems of research 
and demonstration mentioned above, there would be specific 
local problems of soil conservation v^iich would vary from 
State to State or frem one area to another within the State 
due to varying conditions of rainfall, soil, topography and 
economic and social factors. It is precisely in these areas 
of research that the States arc required to fill up the gap 
by playing an effective role. Some States have developed 
minor research facilities. In Andhra Pradesh, one research 
station was established in 1964 at Anantapur which is 
functioning under the Andhra Pradesh Agricultural University. 
Kerala has a soil conservation research station at Konni 
whore researches on agronomy and engineering are conducted 
for the purpose of evolving suitable soil conservation methods 
which can be popularised amongst cultivators, in Orissa some 
pilot studies arc being made to assess the efficiency and 
adaptability of conservation techniques, A research centre 
for red soil v/as set up in Periakulam taluk in Madurai 
district (Tamil Nadu) in 1967-68 to study the effects of 
agriculture, agrostology, afforestation and engineering 
measures on conservation of soil and moisture. At 
Rahmankhera (Lucknov/) in Uttar Pradesh the effects of 
either bunding or levelling alone or in combination on 
efficiency of moisture retention during crop growth are 
being studied. In Maharashtra, experiments have been 
laid out to develop bunding techniques for moisture 
conservation in various soils. The Damodar Valley 
Corporation established its own research station at 
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Deochanda to develop efficierit agronomic and engineering 
methods for the purpose of soil and moisture Cionservation. 

18.7.3 Research organisations In the States oti soil 
conservation are thus not many and the facilities available 
are meagre. The developmental work that is carried out in 
the various states is based on the research information 
collected by the Central research stations or observations 
or experience gained in other States without iregard to the 
local soil and agroclimatic conditions. The central soil 
conservation research centres do not represent all the problem 
areas of the country^ particularly the eastern region where 
heavy and intense rainfall characterises the soils and land 
use pattern. Further/ the cultivation in hilly areas and the 
crop husbandry practised by the tribal people are of the 
shifting type resulting in degeneration of land. It is of 
urgent necessity to carry out pilot experiments in the jfaum 
or podu areas and to conduct relevant research both for the 
sake of soil and moisture conservation as also to wean away 
the tribal population towards settled farming. Socio-political 
influence which is operative favouring continuance of the 
hazardous types of cultivation in these erosion prone areas 
has to be countered. Considerable stress is laid on research 
work in regard to ravine reclamation for which three central 
soil conservation «-entreS/ representing the differential 
conditions of the ravineS/are in operation. This is a step 
in the right direction. 
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Follow up Work 

18.7.4 A critical review of the work done at the various 
soil conservation research-cum-demohstration-cum-training 
centres shows that in spite of various constraints in funds 
and materials and technical staff/ these centres have 
contributed to the solution of many problems^ whether 
engineering or agronomic, and imparted training in soil and 
moisture conservation to a large number of officers and 
assistants. The techniques and specifications evolved at 
these centres for bunding and terracing, check dams, gully 
plugs, afforestation, selection of grasses for protection of 
bunds and terrace walls and their introduction in grasslands 
etc. are mostly applicable to local conditions. These 
require to be tried on a wider scale so that they can cover 
differences in soil characteristics and other environmental 
conditions such as climate, topography, etc. Detailed 
information on the hydrological behaviour of different types 
of soil, their credibility and proneness to yield sediment 
is still lac}d.ng. 

Researches on Watershed Management 

18 . 7.5 The urgent need of collecting accurate basic 
information about watersheds by setting up the requisite 
number of 'A' class benchmark stations and a larger number 
of 'B' end 'C' class stations spread over the entire country 
has been emphasised earlier. The application of the data 

so obtained for interpreting quantitatively the future 
behaviour of the reservoir is determinod by the exactness 
of the functional relationship between the factors involved, 
Orfing to lack of relevant research work in India, workers 
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in this Country have so long depended upon research 
information from other countries which are not necessarily 
similar in agroclimatic and other conditions. As a result/ 
considerable amount of empiricism has been allowed. 

Experience shows that in the case of watershed^management# 
the borrowing of research results may have drastic 
consequences. It is essential# therefore# to have indigenous 
research set up for investigating the quantitative aspects 
of watershed management under conditions prevailing in the 
catchments of the river valley projects. A similar 
observation has been made by the Subcommittee on Watershed 
Management of the National Committee on Science and Technology 
(NCST) which has programmes of research to fill up gaps in 
basic knowledge. 

Land Resource Regions 

18,7.6 No systematic work has so far been done to prepare 
an inventory of land resources and the problem areas in the 
country. The Soil and Water Conservation Research and 
Training Institute of Dehra Dun has made an attempt to 
collect available data and prepare a map showing land resource 
regions which have been classified on the basis of soil# 
climate and present land use. These land resource regions 
have been subclassified as resource areas based on rainfall# 
present land use# command areas of major# medium and minor 
irrigation projects and rainfed lands. The interpretation 
and classification of land resource areas thus made are 
based on scattered published information# local experience 
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and research results. There is, therefore, need for 
initiating further work in a scientific manner and to make 
an organised attenpt to collect relevant data systematically 
to help better differentiation of the land resource regions. 
In course of standard soil surveys comprehensive data on 
soils including geology, land slope, drainage conditions, 
climate, erosion, land use, crops and farming history, 
irrigation sources, population and socio-economic conditions 
are collected. The Directorate of All-India Soil and Land 
Use Survey may, therefox'e, be charged with the responsibility 
of preparing an inventory of land and soil resources of the 
country, assess the nature and extent of soil and moisture 
conse.r\^ation problems, classify the country into different 
land resource regions and areas and map them on a suitable 
seal Ur 

Conservation Hydrology 

18,7.7 Studies have been in progress at various research 
stations on conservation hydrology which utilises data on 
such, factors as precipitation, infiltration, 
evapotranspiration and surface runoff. Total precipitation 
and its intensity arc available from ordinary and recording 
rain gauges. Precipitation data are being used in the 
Dehra Dun, Ootacamund and Agra centres to work out values 
of recurrence interval and rainfall erosion-indices and 
also to study effect of climatic associates on crop growths 
In view of the need for data on frequency distribution of 
rainfall, effective I’ainfall and other climatic parameters, 
it would be necessary to take up collection of all pertinent 
data from the India Meteorological Department (IMD) and 
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other stations recognised by IMD in the country. The data 
on the above aspects are required for design of various 
erosion control structures. Some work of a limited nature 
has been done on infiltration at Ootacamund and Dehra Dun 
Centres. The collection of data on infiltration under 
different soil and cover conditions would be necessary to 
work out hydrographs under natural rainfall conditions, 
estimate moisture storage in the soil and compute rainfall 
erosion indices. It would, therefore, be necessary to 
intensify study on infiltration and cumulative moisture 
intake at all research centres and collect data as detailed 
above, Cbservations on surface runoff from standard—size 
plots under different covers and cultural practices are being 
recorded in the various soil conservation research centres 
(vide paragraph 18,7,12) . 

Conservation Agronomy 

18,7,8 Researches have been in progress in various soil 
conservation research centres on different aspects of 
conservation agroncxny, namely, (a) effect of various crops 
on runoff and soil loss, (b) selection of suitable crops to 
provide effective canopy and mulching, (c) tillage and 
cultural practices, and (d) physical properties of soils. 

Soil conservation, in general, aims at maintaining the soil 
at the optimum level of productivity on sustained basis. The 
problems of research need encompass all aspects of soil and 
moisture conservation both in irrigated and rainfed lands. 
There are still gaps in knowledge on the maintenance of soil 
productivity at optimum level even though some work has 
already been done. Research efforts on conservation 
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agronomy should bo further strengthened by including such 
studies as (a) selection of cropS/ cropping systems/ geemetry 
of cropping/ crop rotations/ mixed cropping/ intercropping 
and strip cropping with reference to rooting habits of crops, 
(b) tillage practices to optimise soil moisture regime in 
the root zone; (c) crop response at different stages of growth 
under various moisture levels; and (d) development of proper 
water harvesting and water recycling techniques for rainfed 
agriculture. 

Erosion Control Structures 

18.7.9 The primary and immediate objective of soil and 
moisture conservation should be to stop the movement of soil 
so that what little soil is left on the land is retained for 
proper utilisation. This is achieved by construction of 
properly designed erosion control structures. Some good work 
has been done on mechanical measures in all the research 
centres. The studies made so far cover contour farming/ 
bunding, terracing, drop structures, earthen dams and ponds. 
Yet many more" measures for mechanical manipulation would 
provide scope for better conservation by way of improving the 
techniques and specifications. We would like to draw 
particular attention to the lack of researches on mechanical 
measures applicable to deep black cotton soils for which 
no satisfactory solution has yet been found. Soil 
conservation ,research is a continuing process to help develop ' 
better and more efficient measures. Studies on suen neas'tiFcs 
with special reference to conservation structures, such 
as contour and graded terracing, bench terracing, grassed 
waterways and diversions should be augmented. Better criteria 
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for desigi. bundSy earthen dams and other soil conservation 
structures should be developed* Studies should also be 
initiated on parallel terracing and zigzag terracing with a 
view to avoiding point and sharp turns for various 

agricultural operations using tractors. 

Conservation Forestry 

18,7.10 Experiments conducted in all the research centres 
cover the major aspects of conservation forestry such as plant 
introduction/ growth studies/ forest influence to intercept 
rainfall/ runoff studies and afforestation technique and 
grassland management. Studies have been designed mainly to 
provide guidance for reclothing the denuded areas and improving 
the grassland both for protection of land against erosion 
hazards and advising on proper and economic utilisation of 
land not capable of sustaining agriculture. Studies relating 
to soil conservation forestry should be diversified and 
intensified (cf. Chapter 42 on Production and Soil Forestry). 

The available knowledge required to improve extensive grazing 
lands and maintaining grass reserves is not adequate, Suitable 
investigations should be undertaken to fill up the gap. 

Gully Erosion 

18,7.11 Vast areas of land along the banks of the rivers- 
in Gujar.et/ naJitiely/ the BanaS/ the Sabarmati/ etc, are 
affected by severe gully erosion. It is estimated (vide Chapter 
17 on Land Reclamation and Development) that 0.4 million 
hectares of land have been converted into ravines, in 
Rajasthan and Madhya Pradesh/ the ravine problem is serious 
on the banks of the river Chombal and similarly in Uttar 
Pradesh on the banks of the Yamuna. In ravine reclamation 
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work/ proper emphasis has to be laid on the treatment and 
protection of agriculturally productive tablelands and 
stabilisation of marginal lands and gully heads. Roads and 
railways not only cause erosion but also impede drainage 
and create problems of waterlogging and salinity. Stream 
bank erosion/ land slips, etc. contribute to sediment load. 
Studies on ravine control and reclamation are in progress 
at Agra./Kota and vasad. Studies on torrent control, 
landslides and ravine control, especially in hilly regions, 
should be initiated virith the ultimate objective of (a) . 
classifying, controlling and reclaiming gullies; and 
(b) evolving package of practices to control roadside and 
railside erosion and techniques of stabilisation of problem 
areas, such as those frequently affected by landslides and 
hill torrents. Earlier in this Section reference has been 
made to the hazards of shifting cultivation in the hilly 
areas of Eastern India- These problem areas arc not provided 
with facilities for systematic study. Extensive studies 
on problems of the above mentioned hazardous land use 

should be undGr'akcn so that further deterioration of land 
resource could be adecuately prevented. 

Universal Soil Loss Equation 

18.7.12 Attempts have been made to collect data on soil 
loss from standard plots and also frewn field size plots 
to evaluate various factors such as erosion index (R) , 
soil erodibility factor (K) , crop management f actor (C) , 
degree and length of slope factor (S), and erosion control 
practices factor (P) of the following universal soil loss 
equation; 

A=RxKxCxS xP 

where A is the annual soil loss in terms of tonnes per 
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hectare'. 11-10 studies so far made indicate the need for 
working out the crop management factor for different crop 
rotation practices recommended for various regions. 

Training 

18.7.13 The technical services for the execution of soil 
and moisture conservation measures have to be provided by 
adequately trained personnel. The training is intended to 
develop a broad understanding of soil and moisture conservation 
and of the interrelationship of disciplines like soil science/ 
agroncxny/ forestry/ range management/ wildlife etc. in the 
conservation programme. The training should also provide the 
study of principles of human relationship because implementation 
of conservation mcasuires requires understanding of social 
sftitude towards such mcasuires. There is great scope for an 
interdisciplinary approach in matters relating to watershed 
management. The vastness of the country and its varied land 

and climatic situations bring diversity into its conservation 
problems. The trainees should/ therefore/ be so equipped as 
to address themselves to varied kinds of problems and 
situations, 

Training Centres 

18.7.14 A regular training programme in soil and moisture 
conservation for gazetted officers was initiated during the 
First Five Year Plan at the Soil Conservation Research Centre 
at Dehra pun, and for assistants at Ootacomund/ Bellary/ Kota 
and Hazaribagh, A»bout 2/750 persons have been trained in 
these two centres upto the end of 1973. Cut of these/ 813 
have been officers and the remaining v/ere graduate assistants. 

It has been estimated by the ICAR that a total of 3/700 
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gnduriitos and postgraduates trained in the fields of 
agricultural engineering, soil science, agronomy, forestry, 
hydrology, sedimentation, etc. would be required till the 
end of the Fourth Five Year Plan alone for executing soil 
and moisture conservation programmes in the different areas, 
including those under cultivation and catchments of river 
valley projects. The requirement of field assistsints and 
subassistants for the Fourth Plan has been estimated by ICAR 
at 16,100. During the Fifth Plan the rcqjuiremcnt would be 
nearly doubled. In view of the largo gap in the requirement 
and availability of trained personnel, it would be necessary 
to strengthen the training facilities at various soil • 
conservation research and training centres. The training of 
officers and of graduate assistants may be imparted at the 
Soil and Water Conservation Research and Training Institute 
and its substations. The Inscrvlce training of the f ield 
assistants and subassistants may be imparted by the soil 
conservation organisations existing in different states. 

This programme shovild receive a high priority. 

Role of Agricultural Universities 

18.7.15 Because of the groat significance of soil and 
moisture conservation in resource presexvation and 
u^llsQtion, it becomes imperative to gradually develop 
expertise in the field by way of education ard research. 
Agricoiltural Universities may play a suitable role In this 
regard. As has been discussed earlier, the land users 
have to be involved In the prograjnme. it Is desirable 
to educate them on the principles and benefits of soil 

and moli turt 'e.. lor . hlbh'*'the krlShl - - 

vlgyan kendrasS/iri be eminently suitable. 
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Publication of Manuals 

18,7*16 In order to provide guidance to the technicians in 
the matter of collection and compilation of technical data, 
designs of various conservation structiires, investigation 
and execution of various programmes of work cind for 
understanding soil and drainage conditions, manuals or 
technical guides and handbooks are a great necessity. These 
manuals should incorporate proven research data and 
recommendations emanating therefrom for adoption in the 
field. The ICAR should be entrusted with the task of 
preparing a model manual for the benefit of the State 
Governments- Afforestation being an important aspect of soil 
conservation, the collaboration of the Forest Research 
Institute may be sought in the preparation of the manual. 

The task of preparing manuals based on the ICAR model, which 
would be necessary for execution of soil conservation 
programmes in the states should be entrusted to the 
respective State Governments. The regional centres which 
are to help the State Governments in planning and designing 
soil conservation measures should periodically review these 
manuals and make them uptodate. 

Priorities in Training and Research 

18.7.17 The strengthening of the existing research 
projects and the opening up of new projects as recommended 
woifLd provide employment opportunities for approximately 
200 technical, 175 nontechnical and 400 unskilled personnel 
per year during tue Fifth Five Year Plan period. The number 
is bound to increase d;iring the Sixth and subsequent five 
year plan periods. It is considered necessary to attach 
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certain priority in thn execution and Implementation of 
recommendations regarding the aforesaid programmes. The 
follo\;ing priorities (not year’/ise) arc suggested; 

Priority I affording training facilities 

after ascertaining requirement of 
personnel from the State Governments. 

Priority II strengthening research (both basic 
and applied) at the existing 
research stations to fill up the gaps 
in kno\-fledge pointed out earlier. 

Priority III opening additional research stations. 

Priority IV starting comprehensive pilot 
Watershed studies. 

It has been estimated that during the Fifth Plan the 
financial requirement v;ould be of the order of ris.3-4 crores 
for the purpose of research and training. As the work 
expands in subsequent plans, larger amounts would be required. 
Thus, during the Sixth Plan, the financial requirement may 
be of the order of fs.lO crores. 

18.7,18 In paragraph 18.4.9 mention has been made of 
the fact that only about one-third of the discharge 
observation sites are being used for collection of silt data. 
This is mainly due to lack of trained personnel, proper 
equipments and laboratory facilities, A.s a result, the 
quality of data is below standard. In view of the trend 
of overall development of water resources, a number of 
new gauging sites having.a certain percentage of 
sophisticatod equipments hpvc to be set up at seloctcd 
locations. All these would require additional trained 
personnel of the right quality. It has been estimated 
by the C//C tli.at for the next five years alone about 
2000 trained personnel would be required. 



8 SUI'lMARy OF nscoioeiraATiows 


13,8,1 The following in a svuamary of the importaJit 
recommendations raado in this chapter, 

1. In view of hazards of rapid siltation of r-ivers and 
streams, a firm strategy for tackling the conservation vrorks 
In the watersheds of river valley projects should be planned 
quickly, preferably vrithln five years. 

(Paragraph 13,2,7) 

2. In conformity with the international standard, a 
soil mr.p of India in the scale of Isl million is considered 
necessary and adequate. The comprehensive system of soil 
classification developed by the United States Department of 
Agriculture (USDA) should be suitably modified, v/hero necessary, 
and adopted and brought in line with the international system 

of soil classification as adopted by Food and Agricultural 
Organisation, Expeditious measures should be taken to 
prepare the soil map of India in Itl million scale and to 
organise additional 170 soil survey parties in accordance with 
the specific requirements of thve States and the Centre, 

Aerial photographs, at least for the nonsonsltive areas, 
should be made available for accelerating soil survey work. 

The Directorate of AJ.1 India Soil and Land Use Survey which 
is charged with the training of soil survey personnel and 
soil correlation and classification at the national level, 
should be appropriately strengthened. An integrated training 
course in collaboration with the Indian Photo Interpretation 
Institute of the Survey of India should be organised. The 

State soil survey organisations should be strengthened with 
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properly trained personnel In order to c:irry out all nc\7 
surveys as well as resurveys on tha standard pattern, A 
close liaison bet^/ecn the Central and St^te soil survey 
organisations is imperative. For this purpose, the Strate 
Boordinatlon cocunittecsi wherever formed, should be actlvised 
and wherever not yet formed, should be constituted as early 
ras possible. State coordination committees should utilise 
the existing data on soil survey for land use ani crop 
planning after due interpretation. 

CParagraph IB.5.2) 

3 . The progrrjume of soil survoy should include 

hydrological and erodibility groupings of recognised soils 
in order that soils producing sodiment get quickly identified. 
Soil and land use survoy should precede soil conservation 
measures, so that the latter can be baaed on the 
recommondationa of the former. Gaps noticed in the progres's 
of cither should be expeditiously brldgod. 

(Paragraeh 13,5.3) 

In view of the IrroparaU-o damage done to 
reservoirs by.siltation, high priority should be attached 
to the treatment of those lands in th^' watershed which 
deliver the largest amount of sediment to the reservoirs. 

(Paragraph lQtSi4) 

' 5 - A timo-^ound programme needs to bo drawn up for 

the aorial survey of the remaining cntcluiunt arcq and for 
correlation with sediment lnflo\x and its transport via 
rivers and streams and delivery into reservoirs. This 
would help better identification of priorities for treatment. 


(Paragraph 13.5.4) 



450 


6, Tho inadequciGy of raixifall data in the viator sheds 
of the various river valley projects calls for the following 
urgent measiares: 

i) the location of-all raingauges should he 

fixed if necessary by a special scheme within 
tv;o years; 

li) all nonstandard raingauges should be replaced 
by standard ones; 

Hi) mD»s plan for Installation of 1200 additional 
raingauges on the basis of WHO^s 
recommendations should be reexamined; 

iv) a special unit should be established in the 
D4D with powers and responsibilities and 
suit^tble financial assistance to instal 
additional network of raingauges, and collect 
and publish all available data vrithin a 
period of 3 years; 

v) correction factors applicable to all the 
defective raingauges should bo determined 
as early as possible; and 

Vi) a minimum network of self-recording raingauges 
as would enable publication -of maps of short’ 
duration rainfall and frequencies within a 
period of 10 years should be established, 

(Paragraph 18.5,6) 


7* Conservation measures in catchment areas should 

have the same priority as the development of command areas. 

(Paragraph 18,5,3) • 

8, Dug consideration should be given to the physical 

and morphological characteristics of soils in the developmenl 
of nrecise techniqiios for soil and moisture conservation, 

(Paragraph 18,5,10) 
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9« Alternating grass and crop varieties is an important 
measure of soil conservation and moisture preservation. In 
the multiple cropping programmes.grasses should find a place. 

(Paragraph 18.5.14) 

flO, Private degenerated lands I'.^hich may be the foci of 
erosion should be, treated for purposes of conservation, e.g., 
for farm forestry with technical help from the forest 
department; or else the State Government should notify tho 
owners of such lands for including them in land development 
schemes. 

(Paragraph 13.5.16) 

11* -Instead of treating soil conservation in catchment 
areas as one of saving life of reservoir, it should be, looked 
at as part of programmes for maximising land use. To attain 
this end, all related prograiames shoiild be drawn up in a 
coordinated mariner. 

(Paragraph 18.5.18) 

12. Considering the limited forest area available in 
the catchment areas, every bit of degraded forest land should 
be replanted with intensified efforts. .According to 
suitability and feasibility, a programme of either farm 
forestry or commercial forestry should cover a substantial 
portion of the catchment areas. 

(Paragraph 18.5.19) 

13» Grass reserves should be created in forest areas 
and community lands. This would link up soil and moisture 
conservation of degraded areas in tho catchment with 
programme of milk production and make both of them 
economical ventures. 


(Paragraph 13.5.20) 
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1^+, Areas showing reasonable rise in productivity as a 
result of conservation measures shoiild be identified in 
catchment areas and an institutional programme of credit 
should be developed, so that farmers would find it profitable 
to trJsG up soil conservation work.^This step would 
substantially minimise direct investment by State Governments 
for the overall soil conservation v;ork, 

(Paragraph 18.5,21) 

15. In soil and moisture conservation works covering 
wide areas in the watersheds and involving a largo number of 
people, extensive participation of the people at the district, 
block and village levels would ensure superior performance 
and higher achievementsj particularly in respect of the 
maintenance programme. 

(Paragraph 18,5,22) 

16. All storages with a hypothetical limit of 12.5 

thousand ham and above should be trea.tod as having interstate 

implications. In such a situation the Centre should provide 

financial and supervisory assistance for the watershed’ 

management. Since the benefit accrues directly to the States 

* 

in various ways, such projects should be financed by the Centre 
and the States concerned, 

(Paragraph 18,5,23) 

17. The work cf gauging silt and discharge of various 
rivers and their tributaries should bo a Central responsibility. 
Adequate funds should be provided for the purpose, 

(Paragraph 18,5,24) 
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Po-rticulars of vatersheds should be continually 
colle.cted and systematically studied in ordor to take 
corrective measures. For river valley projects, the 
catchments of v;hich arc situated in more than one State, . the 
data should be collected by the Ministry of Agriculture and 
Irrigition uith the assistance of the concerned States, 
analysed and stored in one place for the benefit of users, 

(Paragraph 18,5,25) 

19, The location of gauging stations should be planned 
carefully to cover all major situations. In viev; of* the 
urgency and in^ortance of sediment data, it should be made 
obligatory on the part of all the discharge-ohservation site 
to obtain sediment data as well. At least 10 per cent of 
the observation units should bo run-by the central'agency 
and classed as 'A* class stations after having been 
provided with sophisticated equipment qnd standard 

Q^rpangements for observations and checks, 

(Paragraph 13.5,26) 

20, Watershed management should bo initiated well in 
advance, preferably before the execution of the project 
itself. Advance actionrcsults in stabilisation of the 
watershed thereby putting the'v^ater resource development 
project on a firm basis. Priority determination should 

bo based on sediment yield and experience in similar 
catchment areas. 

(Paragraph 18.5,27) 
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21, At prosont the water resources projects are handled 
by one organisatiorij whereas watershed management projects are 
handled by another. The tv/o are so intimately related that 
whenever a v/ater resource development project is plannedj 

the authority responsible for watershed management should be 
simultaneously associated with itj so that both works run 
complementarily and parallely, 

(Paragraph 18.5.,28) 

22. For comprehensive planning and effective execution 
of soil conservation programmeSj the organisation should be 
adequately strengthened so as to meet the requirements of a 
coordina.ted programme of conservation, use and management 

of soil and water. 

(Paragraph 18.6.1) 

. ^3. The jurisdiction of an Assistant Soil Conservation 
Officer should be fixed and he should be required not only 
to tackle fresh problem areas but also to maintain tha 
areas already treated. An area treated once can be taken 
up for fresh treatment after 5-7 years depending on the 
condition of deterioration, 

(Paragraph 18.6.2) 

24-. An inter-directorate committee presided over by 
the Agriculture Production Commissioner may take up soil 
conservation on a coordinated basis and as a special action 
programme, 

(Paragraph 18.6.3) 
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25- The amount due from each landholder as cost of soil 
conservation works in cultivated lands shoiild lie recovered in 
suitable instalments depending on the nature of operations and 
cost involved. The number of instalments may be made 
conveniently larggpin case of small and marginal farmers. In 
course of time this concession should apply to marginal farmers 
only. 

(Paragraph 18.6,5) 

26i For lands suitable for afforestation and grass 
production the forest department should suitably include them 
in their programmes of afforestation and conservation and 
realise part of the expenditure from the sale of either forest 
produce or grasses, 

(Paragraph 18.6.5) 

27. Indigenous research setup is essential for 
Investigating the quantitative aspects of watershed management 
under conditions prevailing in the catchments of the river 
v.alley projects in India. 

(Paragraph 18,7.5) 

28. A scientific appraisal of the land and soil resources. 
Should be made by the Directorate of All India Soil and Land 
Use Survey to enable preparation of an inventory of the above 
resources, assess the nature and extent of soil and moisture 
conservation problems in the country, classify the country 
into different land resource regions and subregions and map 
them on a suitable scale. 

(Paragraph 18.7.6) 

29. Studies on conservation hydrology already being 
conducted at various research centres should be intensified so 
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as to include the following aspects: (a) watershed hydrology 
with special reference to precipitation, frequency distribution 
etc; (b) rainfall erosion indices; and (c) infiltration rates 
and cumulative intake for different hydrological soil units. 

(Paragraph 18.7.7) 

30 . Research work on conservation agronomy should be 
strengthened to include the following aspects: (a) selection 
of crops,' cropping systems, geometry of cropping, crop 

« 

rotations, mixed crapping, intercropping and strip cropping 
with reference to rooting habits of crops; (b) tillage 
practices to optimise soil moisture regime in the root zone; 
ic) crop response «t different stages of growth under various 
moisture levels; .and (d) development of proper water 
harvesting and water recycling techniques for rainfed 
agriculture, 

(Paragraph I 8 . 7 . 8 ) 

31 . Studios on mechanical me asures with reference to 
conservation structures, such as contour and graded terracing, 
bench terracing, grassed waterways and diversions should be 
augLiented. Criterio for design of b\ands, earthen dams and 
other soil conservation structures should be developed. 

Studies should be Initiated on parallel terracing and zigzag 
terracing with a view to avoiding point rows and sharp turns 
for various agricaaltural operations using tractors, 

(Paragraph 18.7.9) 

32 . The gap in available knowledge for improving extensive 
grazing land and maintaining grass reserves should bo filled up. 

(Paragraph l8,7.10) 
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33 . Studies jDn torrent control, landslides and rivine 
control, especi.xlly in hilly regions, should be initiated with 
the ultimate objective of (a) classifying, controlling and 
reclaiming gulliesj and (b) evolving package of practices to 
control roadside and railslde erosion and techniques of 
stabilisation of problem areas, such as those frequently affected 
by landslides and hill torrents. Extensive studies on the 
problems of shifting caaltivation and consequent hazards and 
steps to prevent them should be undertaken. 

(Paragraph 18 . 7 . 11 ) 

3^. Priority should be given to studies aimed at evaluating 
the various factors in the universal soil loss equation, 
particularly for the adopted crop rotations. 

(Paragraph 18 . 7 . 12 ) 

35* In view of the large gap in the requirement and 
availability of trained personnel, the training facilities at 
the various soil conservation research and training centres 
should be strengthened. The training of officers and of 
graduate assistants may bb imparted at the £>oil and Water 
Conservation Besearch and Training Institute and its substations. 
The inservice training of the field assistants :and subassistants 
may be imparted by the soil conservation organisations existing 
in different States, Thia programme should receive a high 
priority. 

(Paragraph 18.7.1^) 

36 , iigricultural universities should gradually build up 
expertise in the field of research and education on soil arid 
moisture conservation. The krishi vigyan kendra would be 
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eminently suitable to educate the firmcrs on the principles 
and benefits of soil and moisture conservation. 

(Paragraph 18,7.15) 

37. Suitable action should be taken to bring out manuals 
c^d handbooks incorporating research data and recommendations 
emanating therefrom for adoption in the field. The ICAR should 
be entrusted with the task of preparation and publication of 
such m;inuals for the benefit of the State Governments, 

jifforestation being 3 m important aspect of soil conservation, 
the collaboration of the Forest Research Institute may be 
sought in the preparation of the manu.al. The task of preparing 
field manuals necess ary for the execution of soil conservation 
programmes in the States should be entrusted to the respective 
State Govcrnribnts. The regional centres which are to help the 
State Governments in planning and designing soil conservation 
measures shauld periodically review these' manuals and make 
them uptodate, 

(Paragraph 18,7.16) 

38 , Certain priorities should be assigned.in the 
implementation of the recommendations regarding training and 
research in soil .and water Conserv.ation. The following 
priorities (not yearwlse) are suggested': 

Priority I affording training facilities after 

ascertaining requirement of personnel from 
the State Governments. 

Priority II strengthening research(both basic and applied) 
at the existing research stations to fill up 
the gaps in knowledge pointed out above. 

Priority III opening additional research stations. 

Priority IV starting comprehensive pilot watershed 
studies. 


(Paragraph 18.7.17) 



APPENDIX 18.1 


(Paragraphs 18. P. 1 ci 18.2.2) 
Classification of Area^ - 1970-71* 


Area 

(thousand 

hectares) 

Percentage 
of total 
reporting 
area 

Percentage of 
total 

geographical 

area 

1. area under forest 

65,978 

21.6 

20.1 

2. area not available 
for cultivation 

45,368 

14.8 

13.8 

(i) area under 

non-ag r 1 cul t ur al 
uses 

16,218 

5.3 

4.9 

(ii)barren & 

unculturable land 

29,150 

9.5 

8.9 

3. other uncultivated 
land excluding 
fallow land 

33,781 

11.1 

10.3 

(i) permanent 
pastures and 
other grazing 
land 

13,314 

4.4 

4.1 

(ii)land under. Misc. 4,366 
tree crops and 
groves not included 
in net area sown 

1.4 

1.3 

(ill)culturable 
waste 

16,101 

5.3 

4.9 

4. fallow land 

745 

6.5 

6.0 

(i) other than 

current fallows 

.8,612 

2.8 

2.6 

(ii)current fallows 

11,133 

3.7 

3.4 

5. net area sown 

140,398 

46.0 

42.8 

6. total reporting 
area 

305,270 

100,0 

93.0 

7. total geographical 
area 

328,048 


100.0 


* Provisional 

1. 1975 Indian Agriculture in Brief,. Fourteenth Edition 

Directorate of Economics & Statistics, 

Ministry of Agriculture and Irrigation, 
Government of India, New Delhi. 
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APPENDIX 18.2 


(Paragraph 18.2.1) 

Statewlse Glassification of Area (1970-71)^ 
together, with Area under Minor Forests 


('000 hectares) 


State/Union 

Territory 

Reporting 

area 

Forests 

Net 

area 

sown 

Forest 
area as 
percen¬ 
tage of 
report¬ 
ing 
area 

Area 

under 

minor 

forests'^* 

1 

2 

3 

4 

5 

6 

Andhra Pradesh 

27,440 

6,337 

11,735 

23.1 

1450 

Assam 

7,795<a) 

2,080(a) 

2,235 

26.7 

83 

Bihar 

17,330 

2,928 

3,454 

1'6.9 

1300 

Gujarat 

18,562(a) 

1,634(a) 

9,220(b) 8.3 

■ 724 

Haryana 

4,402 

99 . 

3,565 

2.2 

8 

Himachal Pradesh 

5,076 

2,782(c) 

546 

54.8 


Jammu & Kashmir 

4,523(d) 

2,776(c) 

706 

61.4 

— 

Karnataka 

18,943- 

2,890 

10,248 

15.3 

— ' 

Kerala 

3,859 

1,055 

2,172 

27.3 

.m.a. 

Madhya Pradesh 

44,238 

14,459 

18,352 

32.7 

4400 

Maharashtra 

30,758 

5,417 

17,668 

17.6 

2054 

Manipur(e) 

2,211 

602 

140 

27.2 • 

78 

MeghalayaCf) 

2,249(a) 

187(a) 

162 

8.3 

- 

Nagaland (g) 

: ,351 

266 

60 

19.7 

Nil 

Orissa 

15,540 

4,973 

6,119 

32.0 

1295 

Punjab 

5,031 

123 

4,053 

2.4' 

■ Nil 

Rajasthan 

34,109 

1,355 

15,179 

4.0 

NA 

Tamil Nadu 

13,004 

2,012 

6,169 

15.5 

381 

Tripura 

1,048 

630 

240 

60.1 

259 

Uttar Pradesh 

29,806 

4,952 

17,305 

16.6 

, NA 

West Beneal(h) 

8,852 

1,101 

5,633 

12.4 

445 

Union Territories 

9,143 

7,319 

. 437 

80.1 

14 

Total All India 

305,270 ■ 

65,978 '140,398, 

. : 21.6 ^ 

"l2745i'’ 


1. Directorate of Economics & Statistics, Ministry of 
Agriculture and Irrlga-ti-nn, Government of India. 


(a) relates to the year 1969-70 

(b) estimated 

(c) includes forest area under control of Forest 
Department also. 

(d) excludes information for ar^as under unlawful 
occupation of China & Pakistan. 

(e) ad-hoc estimates 

(f) relates to Garo Hills and U.K. & J Hills districts 
of Assam. 

(g) relates to Naga Hills'district of Assam State for 
the year 1956-57.- 

(h) relates to the year 1967-68 

NCA Interim Report on Production Forestry - Man-made 

Forests. 
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APPENDIX 18.3 


(Paragraph 18.2.7c'<9) 
Sediment Data of Selected Reserv/oirs^ 



Year of 

Net 

Capacity in Ilham 

Tr.tel s 

eJiment 

impoiand- 

ing 

caten- 
ment 
ar^a 
in sq 

km' 

gross 

dead 

deposited 
ham period 

upto 

1 

2 

3 

4 

5 

6 

7 

Chf^kra 

tiangal 

1959 

56,876 

0.934 

0.205 

52,821 

1974 

airakud 

1956 

82,652 

0.834 

0.232 

44,512 

1971 

tllaiya 

1953 

984 

0.039 

0.007 

- 

- 

naithon 

]956 

5,206 

0.136 

0.002 

30,962 

1971 

panchet 

1956. 

9,816 

0.150 

0.018 

17,663 

3974 

konar 

1955 

998 

•0,034 

0.006 

— 

— 

ma chkund 

1956 

1,956. 

0.072 

0.001 

658 

1970 

tnngabhadr^ 

1953 

25,832 

0.377 

0.007 

32,336 

1972 

a‘'.yurakshl 

1955 

• 

1,792 

0.061 

0.007’ 

4,710 

1970 

gandhisagar 

mm 

1960 

21,873 

0.651 

0.083 

7,214 

1970 

ramganga 

1974 

2,997 

0.230 

0.025 

7,727, 

1971 

kangsabati 

1965 

-- 

0.114 

0.015 

862 

1970 

ghod 

1966 

3,629 

0.022 

0.007 

2,76 5 

1970 

dhantivrad' 

1965 

2,862 

0.046 

0.008 

646 

3.968 

be as unit II 

1974 

6,825 

0.811 

0.130 

8,881 

1968 

lower 

bhawani 

1953 

4,201 

0.093 

0.002 

2,102 

1965 

matatllla 

1958 

20,604 

0.113 

0.025 

7,260 

1969 

nizamsagar 

1931 

18,524 

0.084 

0.012 

43,635 

1967 

ukai 

1971 

62 ,225 

0.839 

0.142 

83,181 

1969 

Narmada under cons¬ 
truction 

87,516 

0.683 

0.422 

44,734 

1970 

HI** 

tawa 

1974 

5,983 

0.231 

0.022 

5,300 

1973 

mahi under cons- 

stage II truction. 

25,330 

0.170 

0.039 

-- 

1973 

. .. - ^++1961 

777 

0.299 

— 

594 

1971 
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APPENDIX 18.3 (contd) 


Reservior 

Annual 
average 
rate of 
silting 
in ham 

' AnnuaX: 
silting 
ptr 100 
assumed 

rate of 
in ham 
so km' 
observed 

Corrected 

after eon- Bomarks 

version of 

suspended 

aeta to 

deposited 

data ham/ 

100 sq km 


8 

9 

lO 


12 

bhp.kra nangc’! 

3,521 

4.29 

6.14 

6.14 

capacity survey 
is.being repeated 
cV'.ry year 

hirakud 

2,968 

2.52 

3.58 

6.28 

i nf 1 ow- out f 1 ov; 
method 

tilaiya 

-- 

5.09 


— 

capacity survey 
not done 

maithon 

685 

1.62 

13.10 

13.10 

capacity survey 
done in 1963, 

1965 and 1971 

panchGt 

978 

2.47 

10.00 

10.00 

capacity survey 
done in 1962,1964 
1966 and 1974 

konar 

-- 

2,76 

-- 

-- 

c. pacity survey 
hot undertaken 

raachkund 

51 

3.90 

2.57 

3.57 

inflow-out flow 
method 

tungabhadra 

1,702 

4.29 

6.54 

6.54 

capacity survey 
done in 1963,1972 

mayurajcshi* 

294 

3.61 

16.43 

16.43 

capacity survey 
done in 1965 & 
1970 

gandhisagar dam 811 

3,61 

3.71 

6.02 

inflow-outflow 
method 

raraganga 

546 

4.29 

18.19 

18.19 

sediment inflow 
.data 

kangsabnti 

142 

3.27 

3.76 

9.ii5 

-do- 

ghod 

553 

3.61 

15.24 

15.24 

inflow-outflow 

method 

dhantiwad 

130 

3.61 

4.52 

5.95 

-do- 

beas unit II 

937 

4.29 

14,29 

14.29 

sediment inflow 
data 
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8 

9 

10 

11 

12 

lower bhawani 

176 

N.A. 

4.19 

4.19 

capacity survey 
done in 1965 

matatilla 

nizamsagar 

919 

1.43 

4.00 

4.00 

capacity survey 

1,214 

0.29 

6.55 

6.55 

last capacity 
survey done in 
1967 

ukai- 

6,848 

1.47 

10.95 

14.29 

inflow-outflow 
method 

narmada 

♦ ♦♦ 

4,959 

1-55 

5.62 

9.52 

inflow-outflow 

method 

tawa 

670 

3.61 

11.15 

15.60 

sediment inflow 
dat; 

mahi stage II 

691 

1.29 

2.72 

6.61 

-do- 

sl.vajisagar"*"*’ 

119 


15.24 

15.24 

capacity survey 
done in 1966 
and 1971 


* the sediment rate for the period 1965-70 (five years)is 
22,77 ham/100 sq km/ye?-'r 

♦* the sediment rate during five years (1962-66) is 12.76 
ham/100 sq km/year 

silt data pertain to the period from 1958-70 

(col.4 - gross area of the catchment, reservoir area) 

(col.7 - total sediment deposited from the year of 
impounding upto the year of observation) 

++ impounded in 1961 but loss of capacity reckoned from 
1966 

NA-not available 

1- latest dota obtained from soil conservation directorate, 
central water commission, mn, of Agriculture & Irrigation, 
F>. ridabad. 
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** Correction factor = (C-»M) X 1,30+F. *** Tbtal sediment load = Total suspended load plus 

bedload assumed to be 20% of the total suspendei 
load (according to Haddock's table). 




APPENDIX 18.6 


(Paragraph 18.5.23) 

Statewlse Projects with Catchment 
Area and Gross Capacity 


S.No. 

Name of Project 

Catchment 

Year of 

Gross capacity 


area 

comple- 

in hectare 



(SQ km) 

t ion 

metre 





(in acrefeet) 

1 


3 

4 

5 


Andhra Pradesh 




1. 

nizam sagar 

21673 

1931 

86,132 

(6,82,060) 

2. 

bhaira yentippe 

14392 

1961 

7,389 





(59,900) 

3.' 

dindl 

3920 

1943 

7,389 





(59,900) 

4. 

• kaddarn- 

2590 

1937 

21,525 





(1, 74,500) . 

5. 

koil sagar 

1836 

1955 

5,05,000 





(40,535) 

6. 

munnalr 

2165 

1950 

8,500 





(68,909) 

7. 

musi 

9091 

1963 

14,242 

(1,15,449) 

8. 

nagarjuna sagar 

228605 

1970 

11,55,883 

(93,70,000) 

9. 

palair 

1693 

1928 

7,248 

(58,755) 

10. 

upper pennar 

5245 

1958 

8,511 

(69,000) 

11. 

pincha 

1683 

1960 

900 





(7,296) 

12. 

pochamapad 

90725 

V Plan 

3,17,035 
(25,70,000) 

13. 

pallapadi 

220] 

1948 

3,-^100 
(25,131) 

14. 

sagileru lower 

1797 

1959 

354 





(2,875) 

15. 

sarlassagar 

1217 

1959 

709 





(5,750) 

16. 

17. 

machkunc. 

2222 

1959 

76,977 

(6,24,000) 

himayet sagar 

1313 

, 1926 

10,780 


.(87,386) 
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Appendix 18.6 (contd-) 

i 

2 

3 

4 

5 

18. 

yamsadhara 

9768 

yet to be 
started 

45,631 

(3,69,900) 

19. 

srisailam 

206778 

1965 

3,72,155 

(70,70,000) 

20. 

mada nagar 

12651 

1931 

3,33,803 

(2,74,016) 

21. 

sagar pam lo''»rer 

:R20 

1959 

318 
( 2,574) 

22. 

sinla sagar 

Assam 

1235 

1959 

1,41,400 

(11,349) 

23. 

umiam 

Bihar 

N.A. 

stage I in 
1965 

stage II in 

IV Plan 

18,18,134 

(1^47,000) 

24. 

tillaiya (DVG) 

984 

1953 

39,475 

(3,20,000) 

25. 

subarna rekha 

38 

1968-1976 

200 

(1,622) 

26. 

konar (DVG) 

Gu.1 arat 

1001 

1955 

33,677 

(2,73,000) 

27. 

shetrunju 

4317 

1966 

35,003 

(2,83,748) 

28. 

dhanti wada (banas)28620 

1967 

47,244 

(3,82,655) 

29. 

narmada stage I 
(branch) 

88549 

Not fixed 

6,81,564 

(55,25,000) 

30. 

ukal 

62222 

1971 

8,51,184 

(69,00,000) 

31. 

mail stage II 
(Kadana) 

Haryana 

25485 

V Plan 

1,74,184 

(14,12,000) 

32. 

bhakra nangal 

56978 

1963 

9,34,452 

(75,75,000) 

33. 

beas project unit 
(panchole - beas 
sutlenge link) 

I 1256 

1959-60 

(started) 

2,000 

(16,214) 
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Appendix 18.6 (contd-) 


“T“ 

2' 

- 3 

4 .. 

5 

34. 

beas project 
unit II (pong) 

Karnataka 

5283 

1963 

(started) 


35. 

chamaraja sagar 

1378 

1933 

6,739 

(54,637) 

36. 

Krishna raj sagar 

10660 

1932 

157 
( 1,279) 

37. 

malkonahally 

10668 

1941 

6,579 

(53,339) 

38. 

ghataprabha 

1417 

V Plan 

66,609 

(5/10,000) 

39. 

bhadra 

1969 

IV Plan 

2,02,'94 
(16,40,000) 

40. 

malaprabha 

2176 

V plan 

37,949 

(7,13,000) 

41. 

upper Krishna 

36065 

V Plan 

2,38,682 

(19,35,000) 

42. 

harrangl 

2346 

1968 

19,243 

(1,56,000) 

43. 

hemawathi 

2821 

V Plan 

65,376 

(5,30,000) 

44. 

saravathi 

'^046 

stage I - 1965 
stage II - III 
Plan 

stage III- spot 

4,41,593(35,80,000) 

14,062(1,14,000) 

fixed 

45. 

hagarl 

1831 

N.A. 

5,700 

(46,209) 

46. 

kabini 

5283. 

1966 

54,400 

(4,41,020) 

47. 

nalanparabha 

2176 

N.A. 

88,000 

(7,13,416) 

48. 

siddapur 

47848 

1971 

79,100 

(6,41,263) 

49. 

vamivilas sagar 

5374 

1907 

84,952 


(6,88,705) 
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Appendix 18,6 (contd) 

— -5 



Kerala 




50. 

malampuzha 

N.A. 

1967 

23,622 

(1,91,500) 

51. 

kallada 

551 

V plan 

51,728 

(4,25,000) 

52. 

sabarsiriCpambe) 

N.A. 

1967-68 

4,053 

(32,855) 

53. 

SGholay,\ r 

2600 

1967-68 

15,420 

(3,25,000) 

54. 

55. 

idoikl 

poriyar 

Madi^iva Pradesh 

2600 

presumed 

barrage 

V plan 

loss 1897 

2,49,804 

(16,20,000) 

56, 

tendula 

871 

1910 

12,428 

(1,00;756) 

cn 

• 

maramsilll 

487 

1923 

16,534 

(1,34,045) 

58. 

maniesi 

806 

1933 

15,127 

(1,22,635) 

59. 

gandhl sagar (in 
chambal project) 

26935 

1960 

6,51,041 

(52,78,000) 

60. 

tawa 

51983 

1976 

2,31,158 

(18,74,000) 

61. 

bama 

1176 

1974 

46,500 

(3,76,975) 

62. 

maniam 

803 

1933 

15,049 
( 1,22,000) 

63. 

kharung 

614 

1931 

1,961 
( 15,895) 

64. 

harsi 

Maharashtra 

1880 

1935 

19,121 

(1,55,016) 

65. 

maaswad dam 

1248 

1888-89 

8,697 

(70,505) 
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1 

2 

'I 

4 

5 

66. 

taiiS£. dam 

137 

1922 

18,441 

(1,49,500) 

67. 

wllson dam 

128 

1926 

N.A. 

68. 

llod dam 

333 

■ 1928 

68,531 

(5,55,586) 

69 • 

musi 

249 

1929 

N.A. 

70. 

radhanagri 

111 

1951 

23,437 

(1,90,000) 

71. 

ghod 

3629 

1965-66 

21,586 

(1,75,000) 

72. 

bagh 

169 

IV plan 

20,353 
(1,65,000) . 

73. 

girna 

4729 

IV plan 

61,182 

(4,96,000) 

74. 

Itiadoh 

707 

IV plan 

46,996 
(3,81,000) 

75. 

mula 

2274 

IV plan 

73,640 
(5,97,000) 

76. 

purna 

7329 

IV plan 

96,213 

(7,80,000) 

77. 

bhima (ujjanl) 

14856 

n.a. 

3,13,699 

(25,43,165) 

78. 

krishna 

n.a. 

not yet started 3,787 




(30,700) 





79. 

warna 

n. a. 

V plan 

28,617 

(2,32,000) 

80. 

koyna (stage I 

895 

1963 

2,77,583 


li and III) 



(22,50,000) 

81. 

vp.itarna 

n.a. 

IV plan 

31,948 

(2,59,000) 

82. 

vir 

:i756 

1965 

27,900 

(2,26,185) 

83. 

Jayakwadl stage I 

21755 

n. a. 

3,34,510 

(27,11,873) 

84. 

muna stage II 

1885 

n. a. 

13,800 




(1,11,876) 
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1 

2 

3 

4 

5 

85. 

mhadakvasla stage 

122095 

n.a. 

23,800 

(1,92,946) 

86, 

nagar stage II 

Orissa 

1585 

n. a. 

23,800 

(1,92,946) 

87. 

hlrakud 

83395 

1960 

8,14,110 

(66,00,000) 

87 

A.balimela 

4927 

V plan 

2,83,705 

(23,00,000) 

* 

co¬ 

co 

ranapratap sagar 

24856 

IV plan 

2,89,875 
( 23,50,000) 

89. 

jawabar sagar 26936 

(kotah dam) including 

sagar of 
sagar 

IV plan 

gandhl 

ranapratap 

4,800 

(38,914) 

90. 

mahl stage II 

4258 

1960 

1,69,606 

(13,75,000) 

91. 

broach at badgaon 

1699 

1967 

3,100 

(25,132) 

92, 

barachat ballavh 
nagar 

1248 

1965 

3,100 

(25,132). 

93. 

moral 

Tamil Nadu 

2201 

1954 

7,700 

(62,425) 

94. 

perlyar dam 

603 

1897 

44,350 

(3,59,550) 

95. 

mettur dam 

42215 

1934 

2,70,903 

(21,96,213) 

96. 

thambraparnl 

333 

1943 

15,142 
( 1,26,000) 

97. 

lower bhavanl 

4201 

1955 

92,901 
( 7,53,150) 

98. 

kundah 

1266 

- 

integration 

reservoirs 

99. 

s athnar 

10868 

1958 

12,927 

(1,04,800) 
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1 2 

3 

4 

5 

100. valgai 

2253 

1959 

19,500 

(1,58,088) 

lOl. raizat sathanpur 
stage I 

10826 

1958 

22,900 

(1,85,653) 

102. vldur 

1298 

1959 

1,700 
( 13,781) 

103. krishnagirl 

5428 

1959 

6,837 

(55,430). 

104. manirauthar 

162 

1958 

17,679 

(1,43,323) 

105. lochuna dam 

8892 

1910 

3,596 
(29,155) 

106. pahari 

7868 

1913 

7,934 

(64,325) 

107., gajar dam 

2868 

1917 

15:, 2 53 
(1,23,655) 

108 matat111a 

20719 

1966 

1,12,989 

(9,16,000) 

109. ramganga 

3077 

1972 

2 , ig, 563 
( 17,80,000) 

110, rihand 

13385 

1966 

10,60,810 
( 86,00,000) 

111. obra 

n • 3- • 

IV plan 

21,093 
( 1,71,000) 

112. mejha 

2020 

1967 

18,441 

(1,49,500) 

113, murakhand 

5333 

- 

11,348 ' 
( 92,000) 

114. ghagar 

2858 

1917 

15,295 
(1,24,000) 

115. nanak sagar 

220 

1962 

19,983 


(1,62,000) 
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Appendix 18,6 (concld,) 

1 2 

3 

4 

5 

West Bengal 

116. mayurakshi 

1860 

1956 


117. kangsr:batl 

3739 

IV plan 

1,13,482 

(9,20,000) 

118. jaldhaka 

SO in West 
Bengal 

1967 

barrage 

119. maithon (DVG) 

2010 

1968 

1,35,685 
( 11,00,000) 

120. Panchet (DVG) 

3790 

1956 

1,58,135 
( 12,82,000) 

121. kangsabati(kumari) 3781 

1973 

1,13,501 
( 9,20,156) 
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ELii-CTIUCITy IN RUIUi nEViSLOPMENT 
1 Il^TRODUCIION 

19 .1.1 ii*lectricj.ty plays an important role in the 
agricultural production and the development of rural 

‘ economy• iiiLectricity is required for pumping for irrigation 
and domestic water supply, processing agricifLtural produce, 
cottage Small and medium seal® industries, and for providing 
amenities like lighting, heating and radio and television 
for entertainment and as an essential medium of instruction 
and education, iibove all electricity modernises the entire 
outlook of the rural population and makes them progressive. 

19.1.2 A number of studies made in recent years have 
shown that electricity makes a significant contribution 
in the development of agriculture. Some are mentioned* 
belows 

i) Ihe Programme Evaluation Organisation (PSO) of 
the Planning Commission made a study in 
1961-65 of ^60 households which included 
existing and prospective consufUfers in 210 
villages covering 36 districts in 15 States, 
all the villages covered by this study 
were electrified before March 31 » 1959 * 

!Ilie study revealed that as a result of the 
installation of electric pumps on existing 
and new wells, irrigated area increased by 
67 per cent for kharif crops and 65 per cent 
for rabl crops. The Irrigated area per 
farmer increased from 2.43 hectares to 
3.91 hectares. New crops were introduced 
and the intensity of irri^tion increased 
substantially, 

ii) The Indian Institute of i'anagement, Ahmedabad, 
conducted a study of the economics of 
rural electrification in Gujarat.' This 
showed that after eleetrification'the 


1 . 1969. ^^tudies of iiiconomics of Rural iilectrlficdtion 

and Lift Irrigation (Gujarat State). . - 
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average per- farmer had 

^inorc^od--to 5*02 hectares from 2 *08 

‘■'hectares bofore—eiecrtrifica^tljn. 

Ill) The n.;.ti:)nal Council of 4pp11^ 

ii^starch (NC.jiH) made a study of the-impAo-t oT 
rural electrification in Punjab* and another 
on the economics of rur^ electrification 
in Kerala2. The Punjab study showed that in 
the Sample area there was an increase of 
3*09 hectares in irrlsated area per farmer 
due to electricity driven pumpsets and 
tubewells and that the farmer saved in labour 
35^ bullock-days per crop year. The Kerala 
study revealed a substantial chan;:c in the 
cropping pattern in favour of rice crop, 

iv) A ntudv undertaken as a research project in 

Tamil Nadu*^ showed that after electrification 
the axea under Irrigati.tn had increased 
by 36 per cent an*^ the value af the crops 
pr.:'duced had doubled. 

19«1«3 -li-lectric pumps arc cheaper in caoital and opt.ratlo: 
costs th«in diesel-operated pumps. Therefiire, speedy 
development of groundwater for increasing agricultural 

productl.-)n requires that electric power shoui be 
available for the purpose. This is' pirticul irly 
important in areas where there is paucity of surface 
water and groundwater has to bs exploited to meet 

the agricultural and domestic h-eds. The Itapa.ct of 

electricity ..on industrlalisati :)n of rural areas is 

also significant, « study made by PfO .which investigated, 


1 1967* impact of Rural ivlectrification in Punjab, NC;iii. 

2» -1970. ixxjnomics of .kirol iilectrlflcation in Kerala, 
NCaER. 

3» 1969* idectrioity and'Economic Jevelopment of. Madras 
State, by Prof. K.S.Sonackalsim, lies.^earch Programme 
Committee, Tlanning Commission, povernment of India. 
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^79 industrial units revealed that more than 75 per cent 
of these were established after electricity was available'. 
in the area. The rest which already existed switched 
over to electricity due to economy in fuel cost. The 
average annual profit on these converted units increased 
by 11 per cent oh electrification. Electric power is 
required for many purposes in agricialture. The setting 
up of cold storage plants in rural areas for storing 
perishable commodities like potato, fruit etc., not only 
savei'on losses but also makes them .availjable out of 

season, ^ilectricity is re.;uired for animal husbandry 
and for many agro-based industries. 



2 DEVELOPMENT OF RURAL ELECTRIFICATION 

19.2.1 Fifteen years after Thomas Alva Edison built the 
f^irst power station in USA, India had its first power station 
constructed in 1897 at Darjeeling. This was a 130 kw 
hydroelectric station. Thereafter, for rnany years the supply 
of electric power was confined to a few urban and industrial 
pockets. Generation, transmission and distribution were tnostl 
done by private electric supply undertakings who paid little 
attention to taking electricity to the rural areas. This was 
largely due to the fact that rural electrification serving 
scattered and seas’onal loads with poor load factors gave low 
return on investment. Till the attainment of Independence in 
1947, only 1,300 villages had been electrified and about 6,400 
pumpsets energised in this vast country. 

19.2.2 After Independence, the responsibility for power 
generation, transmission and distribution was taken over by th( 
Government. State electricity boards were formed with the 
enactment of the Electricity (Supply) Act 1948, and thereafter 
rural electrification began to receive attention. Sven so, the 
progress was initially tardy as rural electrification was not 
accorded the priority it deserved. It, however, gained 
considerable momentum during the sixties when speedy developmen 

of groundwater for Increasing agricultural production received 
special attention. 

19.2.3 The progress of rural electrification in the success!' 
plan periods is indicated in Table 19.1, 
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Table 19.1 

Villages Hlectrlfied and Pumpsets Energised 

(na'aber) 

Period Villages electrified Pmpsets energised 


beginning of the 

First Plan * 

3,061 

21,008 

during the First Plan 
(1951-66) 

4,233 

35,045 

during the Second Plan 
(1956-61) 

14,456 

142,841 

during the Third Plan 
(1961-66) 

23,394 

513,837 

during 1966-67 

9,369 

136,231 

during 1967-68 

8,023 

2 00,482 

during 1968-69 

11,186 

239,305 

during the Fourth Plan 
(1969-74) 

81,675 

1,3 52,953 

end of the Fourth Plan 

155,297 

2,441,602 


It will be noticed that there was a spurt in rural 
electrification in the Third Plan, Thereafter, the te^upo 
has progressively been stepped up. During the Fourth Plan 
-Tiore villages were electrified euid puaps energised than the 
total number upto the beginning of the Fourth Plan. The 
statewise investment on rural electrification in successive 
plans is given in Appendix 19.1. The statewise number of 
villages electrified to the end of successive plans is given 
in Appendix 19,2, while the pumpsets energised are shown in 
Appendix 19.3. 


3 PROGRAlCffi AND POLICIES 


19.3.1 The draft Fifth Plan envisages the electrification 
of about 1.5 million pumpsets during the plan period which 
will bring, the cumulative tota.l to about 4 million at the end 
of the financial year 1978-79. According to available 
Information, there would still je about 5.5 million wells 
which could be economically provided with electrical pumpsets. 

As regards electrification of villages, the draft Fifth Plan 
envisages electrification of 110,000 villages still leaving 
about 300,000 more to electrify, which is nore than half the 
total number of villages in T.he country- We strongly recommend 
that the tempo of rural electri'iicatlon should be stepped up 
so as t.D.'nnk.e electricity available for pujmpsets and rural 
ihdu'gtrles in practically all the villages by 1990. 
iy.3,3 Keeping in view the target of almost complete rural 
electrification by 1990, we recommend that the state electricity 
boards should prepare a well considorei and coordinated 
programme of rural electrification in consultation yith other 
development departments at the state, district and block levels. 
In particular, there should bo the Involvement of the Chief 
Agricultural ;:)evelop Qent Officer recommended by us in 
Chapter 62 on ministration in drawing up the detailed 
programme. It is important that the concerned departments and 
organisations should be consulted at the stace of programme 
formulation itself, as that gives batter formuJ.ation and 
smoother implementation. 

19.3.3 Advance planning for the future programme of 
electrification is essential and the State electricity boards 





should take early action on the following aspects; 

1) assessment of requirement of power and making 
arrangements to meet the same; 

li) assessment of requirement of Extra High Tension 
(EHT) and High Tension (HT) net works and 
initiation of appropriate action to meet the 
same 5 

Hi) assessment of requirement of materials and 

arrangements for their Indigenous procurement; 

iv) assessment of requirement of personnel and 
arrangements for their training; and 

v) carrying out of connected research and 
development work. 

19,3,4 Many States are now experiencing sin acute power 
shortage vrtiich has adversely hit all sections of the coranunity. 
We, however, feel that thoiigh transitory the difficult power 
position should not be permitted to hamper agricultural 
development and during power shortage, the requirements of the 
agricultural sector should continue to be accorded a high 
priority. As large scale rural electrification programme has 
to be carried out in the next three plans, it is very In^jortant 
that adequate and timely generation of electric power for 
meeting the load is ensured. 

19,3,6 In order to make rural electrification financially and 
econoinlcally attractive, it is necessary to take steps to 
develop rural loads. These loads can be agricultural, 

Industrial and domestic. The State Governments should 
discourage cluster growth of industries in and around the 
urban areas and should aim at dispersal of industries to rural 
areas. This could be done by providing basic facilities like 
electricity, land, water etc, at concessional rates and also 
encouraging financial institutions to offer loans on soft terms 
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to the enterpreneurs who are vailing to establish Industries 
In the r’aral areas, './e arc glad to note that OovermiGnt Is 
follovri.ng this policy. 

iS'.’B.e Ihe nunber of villages elec trifled and purapsets 
energised in’ the various States in the country Is given In 
Appendices 19»2 and 19.3. it is to bo noticed t'nat there Is 
considerable disparity betwe-^n the various states. Within a 
State itself there are areas which arc not having the benefits 
of electricity, being either remote arid difficult of access or 
thinly populated or very baclrward. Ve are glad that Government 
of India is paying special attention to such in the matter 

of electrification and that funds for tine purpose are being 
distributed by the Rural Electrification Corporation out of the 
aaiount set apart in the Fifth Plan for the Minimum Needs 
Programme. 

19*3,7 Under the’ special Hurljan 3astls S chemes, the 
Government of India have placed some Tiinds at the disposal of 
the Rural Electrification corporation for granting loans to the 
State electricity boards for providing street .lights in sxich 
harljan bastis as were left out while electrifying a village. 

We suggest that the State electriv. '• )ards should take 
advantage of this and see thit the aaenity of street lights Is 
provided in all such hori j an bastis 'Within the ijoxt Wo years. 
The charges for the electric!cv consumed by these should bo 
borne by the State Government concerned, 

19,3,8 Under a scheme of the Ministiy of Health and Family 
Planning, 5o per cent subsidy Is allowsd to the States for 
providing electricity to the primary health centres in distant 
•places. We recommend Chat the State Govemmonts should take 
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suitable action to extend electricity co these primary health 
centres as quickly as possible) say in about two years. The 
primary health centres near transmission lines should be taken 
up first for reasons of economy. 

19 . 3.9 There are several fishermen colonies along the sea 
coast which do not have the ben^sfit of electricity. The 
electricity boards should give .-pecial consideration to 
extending electricity to these colonies to improve the 
living conditions of the fishermen. 

19 . 3.10 There are several areas in the country which are 
recurrently affected by fanlne or scarcity and largo amounts 
aTQ spent on relief worlcs there. The famine codes and scarcity 
mannuals do not provide for any expend!t'ure to be incurred on 
rural electrification out of relief fur.ds. We feel that if 

a programme of deepening of existing wells or digging of new 
wells in such areas is combined with that for providing 
electricity for them out of relief funds, it would be a step 
in the right direction. In the absence of electrification, 
the wells cannot give the optimUiH benefit. We would recoiAmend 
that the Central and State Governments should consider this 
aspect. 



4 ECONOMICS OF RURAL ELECTRIFICATION 

19.4.1 Coamerclally, rural electrification Is not attractive 
and therefore in the past, no licencee in the private sector 
extended the benefit of electricity to the rural areas except 
on a Sinall scale. This activity had, therefore, to be taken up 
in the public sector to be carried out by the State electricity 
boards itdiere formed. Under the provisions of the Electricity 
(Supply) a.ct 1948, these boards have been charged with the 
responsibility for coordinated development of generation, si^jply 
and distribution of electricity, within their respective 
Jurisdiction, in the most efficient and econoMcal manner, with 
special emphasis on such development in areas which for the time 
being are either not served or are inadequately served. Section 69 
of the Act also lays down that the electricity boards shall not 

as far as practicable, carry on their operations at a loss. The 
Implication is that the boards .should attempt to realise adequate 
revenue to cover the operation and maintenance charges, interest 
on loan capital, contribution to general depreciation reserve 
and energy charges. As the return on capital investment on 
rural electrification schemes is very low initially and reaches 
a satisfactory level only after a gestation period of 10 to 15 
years, rural electrification strains financial resources of the 
boards. 

19.4.2 The ;most Important use of electricity in rural areas 
is for pu.mplng water. The cost of energising a pumpset is 
dependent on factors like proximity to sub-transmission or 
distribution line, existence of cluster of wells etc. On the 


510 



511 


basis of the schenes sanotioned by the Rural Slectriflcation 
Corporation for loan assistance Involving energisation of 
558,000 purapsets, the cost per pumpset, Inclusive of 
village electrification, comes to about Rs.5,360. For the 
energisation prograiume In the Jlfth Plan the cost may be of 
the.order ,of !bo6,000 per pumpset allowing for some increase in 
the cost of materials and labour. Taking the pumpset to be of 
5 hp and a load factor of 15 per cent, an investment of Rs.6,0‘^0 
would give a cost of 15 palse per kwh on allowing for 6 per cent 
Interest, 5 par cent depreciation and 3 per cent operation and 
maintenance charges. To this has to be added the cost of 
generation ranging between 5 and 14 paise per unit and that of 
transmission. On a reasonable tariff for agricultural use of 
power, which cannot be pitched high as a matter of State policy, 
there.is invariably a loss to the electricity board in the 
initial years till the load builds up. It is, therefore, very 
Important for keeping the tariff at a viable minimum to bring 
about maximum economy in capital costs without sacrificing 
safety considerations and also to take steps to Improve the 
load factor and thus the revenue through larger use of power 
as early as possible, 

19,4,3 Economy can be achieved through standardisation of 
equipment and materials used in rural distribution system®, 
simplification of designs for construction while meeting 
the safety requirements and utilising local materials to the 
extent possible. Standardisation of materials should 
naturally cover reduction in the variety of material so 
that inventory of items reqiiired for construction, operation 

mo■? o n^ c lr«riTi+’. a +: +-.hQ tTi1nl Tnim_ a 
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will help smooth construction and avoid delays, i'lass production 
will also he possible leading to a reduction in cost. The Riural 
Electrification Corporation has already taken up the work of 
standardisation and this should continue to receive sustained 
attention. 

19.4.4 In the distribution of power, a certain amount of 
line loss is Inevitable but this should be kept at the minioum. 

In planning the layout of distribution lines a careful economic 
study should be made not only with the loads which they have to 
cater for immediately but also for further loads which may 
develop there in the near future. The revenue losses accrue 
from poor distribution layout resulting in high voltage drops, 
Incorrect metering due to faulty meters at consumers' premises 
and'theft of energy by dishonest consumers, etc. These losses 
are abnormally high in several areas. The electricity boards should 
take urgent steps to bring down the losses in the existing 
syst^ and ensure that future distribution systems are 
designed to give only tolerable line losses and malfunctioning 
and malpractices are remedied, 

19.4.6 Notwithstanding the economy in construction and 
improvement in operation and,;.maintenance, a power tariff for 
rural loads remunerative to the state elect'ricity boards, is 
bound to be higher than what the rural community can bear. The 
power rates have therefore to be kept lower than what would 
normally be commercially justified. In view of this, the 
Rvjral Electrification Corporation gives soft loans to the 
boards for rural electrification, which is an indirect subsidy. 
19.4.6 Theft of power unless put down firmly can be 
widespread. For salutary effect pujaishraent for this offence 
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has to be pro apt and adequate. Cases of theft of energy and 
certain other nalpractlces are covered by Sections 39, 4o, 44, 
46 and 47 of the Indian Electricity Act, 1910. These, howevei 
do not .empower the board to disconnect the supply. The board 
can only initiate prosecution under Section 50 of the Act 
Involving an elaborate procedure. The onus for the evidence 
for the offence coimltted by the consU;Tier rests with the 
board. In view of these difficulties, not iiany prosecutions 
are launched even when offences are discovered. The Andhra 
Pradesh State Electricity Board, however, has arTied Itself 
with powers to disconnect supply to any consuner caught 
co-nulttlng such aalpractices. This was done by the board by 
•Tiodifylng its terms and conditions of supply under Section 
49(1) of the Electricity (Supply) Act 1948 and by 
incorporating therein the power to disconnect. Certain 
consumers had challenged this action in the court of law but 
the action of the State electricity board in disconnecting 
the supply in the various cases was upheld by the High Court. 
We recomaend that other State electricity boards .aay adopt a 
similar procedure. We would however like to caution th,at the 
power to disconnect should be exercised only by a responsible 
officer of the board. Frequent surprise inspections, 
partic’ularly of agricultural and industrial installations in 
remote areas would greatly discourage any unauthorised use 
of electric power. 

19.4,7 Rural electrification should not bo vlowod from the 
limited financial angle. Its far-reaching econo ale and social 
benefits, however, ore not apparent. It is important that 
studies should be organised to evaluate the benefits of rural 
electrification and the results widely publicised. 



5 FINANCING OF RURAX SISCTRIFICATION SCHEMES 

19.5j,l Rural electrification In nost of the States Is being 
carried out by the state olectricity boards, Whoi'e electricity 
boards have not been forned as also in the Union Territories, 
this work.Is being carried out directly by the electricity 
departnents concerned with funds provided by Government. The 
State electricity boairds derive funds for the purpose from the 
following soiarces:- 


1) 

their own profit; 


11) 

loans from the State Governments; 


lU) 

loans from the Rural Electrification 
Corporation; 


Iv) 

Special loans from the Central Govern nent for 
specific schemes like tribal area development 
or Emergency Agricultural Production Prograrame; 

V) 

special loans fran coimmercial banks. Life Insurance 
Corporation, and the agricultural finance 
corporations; 

vl) 

uarket borrowings; and 


Vll) 

doproclatlon reserve. 



19,5,2 Except for the First Plan, when the amount provided for 
rural electrification was not fully utilised, in all other plans, 
the actual expenditure had exceeded the outlay provided therein. 
This Is Indicative of the importance which was being attached 
to this developnental programme as will be seen from Table 19.2, 
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Tablo 19.2 

Plan Outlay and Actual Expenditure 
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(Rs crorcs) 


Period 

Plan outlay 

Actual expend!t\ire 

First plan 

20 

8 

Second Plan 

75 

75 

Third Plan 

105 

153 

1966-67 

62 

74 

1967-68 

45 

75 

1968-69 

43 

89 

Fourth Plan 

520 

819 


Statewlse details are given in Appendix 19.3, 

19.5,3 Although the tempo of rural electrification was 
being stepped up froi plan to plan, it was folt that tho 
pi^ogross was not rapid enough and some special steps were 
required to meet the situation. Accepting the recommendations 
of the All India Rural Cred.lt Review Committee, 1969, the 
Government of India formed that year the Rural Electrification 
Corporation (REC) as a Government owned company. The REG 
started operating in 1970. Under its charter, it is suitably 
funded. The financial arrangements include a substratum of 
interest-free grant, an element of equity and an appreciable 
proportion of borrowed funds. The main consideration underlying 
the arrangements for funding the Corporation was to enable 
it to provide long-term loans on relatively low rates of 
Interest to State electricity boards for promoting schemes 
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of rural electrification with developnentai potential. In its 
directive, Govorn-nent had Gn,ioinod that the REG shc-uld pursue 
a project appi uach to the VAi*j ous scho-Tios, enrure appropriate 
standards of cconoaic via’oMi.'.y foi- the projer''!,' and nako soaie 
relaxation in 'cho stand;j:ds of the tel ,cria 'v:hv. 5 : evolved in 
favour of backward areas. The lo.ans va'-'ch the REG advances 
are long-teri ones r;..’.;nnc fron GO to GO year: for repayment. 
Lower rates of interest are charged for bachwarii areas. Till 
the end of 1974, the Corporation had sanctioiiod loans anounting 
to Rs.363 crores for 791 schcaes in 13 States. .^sre than half 
the number of projects and appreciably more tnan half the 
sanctioned amount pertained to areas classified as backward or 
specially underdeveloped, Indudlnc areas '-.ndor the 'linimum 
Needs Programne. no*'o that the draft Klfth Plan provides 

nearly Rs.1,100 crores for rura3 electrification schemes, of 
which about '^.670 crores are to bo channelled throjgh REG 
Includlnn 'N.270 crores un’.or the -.inimun Needs Pro^jramme. Vie 
suggest that tha various State olectrlciiy boards should 
prepare and Keep ready a lar; e nunber of sche ue to take full 
advantage of the loan facilities being provideJ by REG. 

19.5.4 There are areas In several Statj.-s where- there are no 
transmission or subtransmission lines to l ulid up i Ural loads. 

The REG gives special loan for tne construction of such lines 
and the requisite subst-ations. provided these are intended to 
serve loads in areas covered by the scho-ucs accepted by the 
REG, and further if they sect certain crit'-rla of expenditure. 

It Is obvious that unless transmission j.i.nQs arc there, no 
load can be developed in an area. In backward and disadvantaged 
areas, therefore, it would seem necessaf'y to provide transmission 
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and substransnisslon lines In advance of load requiremenrt, 
thou/j'h financially unattractive, to encoura^ie develop aent of 
the use of electricity. Ue suggest that in sudi cases, the 
Centre/State. Govern.nants should subsidise parts of the 
capital cost of the scheTies to be incunred by the state 
electricity boards so as to satisfy the norms prescribed by 
the REG. Similarly, where villages are far away from each 
other and the lno.lasion of the cost of 11 KV lines makes the 
scheme for electrifying them unreoiunoratlva, the REG may 
consider giving special loans for the 11 KV linos by treating 
them as transnlsslon lines. Also the State Governments shoult 
subsidise the unremionoratlve portion of such schemes. 

19,5,5 ’Vhlle efforts are made to take electricity to rural 
areas in a big way, it is important that the users, mostly 
farmers and small scale entrepreneurs, are enabled to avail o: 
the facility. For this, there has to be adequate credit 
facility for rural people to enable them to meet the cost of 
electrification dncluding payment to the electricity boards 
for service c-onnectlons. The credit facility should also be 
extended to such villagers as would like to electrify their 
homes but are unable to meet the initial cost, ,/e have dealt 
with the subject of agricultural credit in Ghaptor 55 on Gredj 
and Incentives, 



6 DIFFICULTIES CF RURAL CONSUMERS 


19.6,1 The rural consuoier, especially the agricultural 
consumer, experiences several difficulties in the use of 
electricity. These mostly are (a) getting service connection 
for electricity supply, (b) procuring equipment of suitable 
capacity and of requisite quality at a reasonable cost, 

(c) maintenance of eq'uipment, (d) Interruptions in electric 

supply, (e) poor voltage conditions, and (f) getting wrong bills 

‘ \ • 

for electricity used. A Gomoittee was constituted by the 
Government of India under the chairmanship of the Deputy 
Minister, Ministry of Irrigation and Power, to look into such 
difficulties and has since submitted its report to the Government, 
However, we would like to highlight some of the difficulties for 
the special;attention of the Government, 

19.6.2, In the matter of power supply, there should be a system 
of priorities based on the date of application and this should 
be strictly adhered to by the electricity boards, Conplalnts 
of delay should be promptly attended to. In many areas, most 
people do not know the procedure for applying for electricity. 

It is desirable that information in this respect is given 
through leaflets in the local language. V/e have separately 
recommended the formation of farmers’ service societies as a 
registered body under the Co-operative Act to serve the needs 
of the rural people in the matter of inputs such as fertilisers, 
seeds, etc. A number of theso societies have already been 
formed in some of the States, Ne recommend that it should be 
the responsibility of this society or the panchayat to look 
into the complaints and grievances of the people of its area 
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in the iiatter of power supply and bring thea to the notice of 
the concerned authorities for redressal. 

19.6.3 The suppliers of equipnent to the farmers sell 
vHiatever is available with them without a technical study of 
the real needs of the farmers. We recommend that the , .(state 
agro-industries corporations should be charged with the 
responsibility for the supply of quality equipment at 
reasonable prices and for advisinf; the farmers on the correct 
ones to Use and their proper handling. 

19.6.4 Dlaintenance of motors and pungjsets is a problem for 
the farmer in rural areas. In case of trouble, he has to take 
the equipnent miles away for getting it repaired. There is not 
only waste of time but also some loss in crop production for 
want of irrigation water when during the prolonged period the 
equipment remains out .of order. The lilnistry of /Agriculture & 
Irrigation had formulated a proposal for setting up of 5,000 
agro-service' centres for providing various services and 
supplies for rural areas depending on the local needs. Active 
steps should be taken to implement the scheme. The 
agro-service centres should have the services of licensed 
electrical wiremen/electriclans for attending to such repair 
work. 

19.6.5 in many areas, the voltage of power is very low and 
this results in the burning out of electric motors. The farmer 
whose electric m;.'tor gets burnt has to depend on unscrupulous 
middle-men who extract large amount of money from him to get 
his motor rewound and put back into service. The agro-service 
centres should help the farmer in getting the motors rewound 

at reasonable .rates, also, the’'ele.ptricity board should 
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take action to carry out necessary Improvements in the system 
so as to maintain proper voltage conditions. 

19.6.6 Defective meters and Improper meter reading by the 
staff naturally result in wrong billing;. If the bill is not 
paid, the supply is disconnected before the farmer can get 
redress by way of revision of the bill. Such contingencies, 
especially when the crops need watering, result in a great loss 
to the agricultural consumer. vJe recommend that pending 
Investigation an interim payment on the basis of the average 

of the previous two months should be accepted, and the contested 
bill speedily investigated. There should be a time limit for 
such investigations after which the contention should be treated 
as valid. It is learnt that in Haiy ana, ' there is an enactment 
whereby a Qonsumer Is debarred from, challenging a wrong bill, 
before the higher authorities ahd from going Ao the G-ourt for 
redressal of his grievances unless he has made full payment of 
the wrong bl,ll. We feel that the consumer should be given the 
opportunity of getting his gtievance redressed before being made 
to pay the bill In full, 'Fictitious reading of meters which is 
generally the cause of wrong billing should be; considered as a 
serious offence and the person found responsible for it should 
be suitably punished. 

19.6.7 There should be fixed days/dates for each area/village 
for t^ihg meter readings so that.the farmer, .nay arrange to be 
present at the time. The practice of providing a duplicate 
meter card at the consumers’ prcrmises which has been given up 

in some areas,' should be reintroduced. In order to enable the 
consumers to make payment Of the bills'without having to go a 
long way to the electricity office, the system-of sending the 



bill collectors to a specified place in the villages on 
specified days has been introduced by soTie electricity boards. 
It is recommended that this practice miay be followed by others 
also with advantage. 

19.6.8 There is considerable pilferage of electrical 
equipment such as transfor-sers, conductors and even aiotors 
fro.n tubewells and distribution system. Apart fron the loss 
of these, the resulting interruption in electric supply or 
working of the punps causes great hardship and loss to the 
power users. The s^nte electricity boards should .elicit the 
cooperation of the people in checldLng these offences and nay 
offer suitable rewards for catching the culprits. The State 
electricity boards nay have with advantage special rapid novir 
squads for apprehending pilfering gangs. It is suggested that 
the relevant Sections of the Indian Electricity Act, 1910 and 
Electricity (Supply) Act, 1948 should be anended to make theft 
of transformers, conducturs and other materials and the 
possession of such stolen articles a cognizable offence as 
theft cases. Standardised equipment used by an electricity 
board may be suitably stamped for facility of recognition, 

19.6.9 For getting an electric connection, the consumer is 
required to sign an agreement with the electricity board on a 
stamp paper. Though the cost of the staiup paper may not be 
large, the consumer in rural areas has to spend a lot of time 
in securing the paper often having to travel considerable 
distance for it. It sho'lLd be examined vjtiether an agreement 
can be executed on an unstamped paper. This .aay require a 
legal provision. Alternatively, the State electricity boards 
should make stamp papers available at the time of signing the 
agreement. 



19.6.10 Consuners are required to give a guarantee of 'ninimum 
consumption. If that quantum is not utilised during the period, 
a specified amount is charged. The inability of a power user to 
consume the minimum prescrioed amount ;aay arise out of 
circumstances beyond his control. For instance, his well may 

go dry or there be prolonged interruptions and shut-down in the 
supply of power. We recommend that in such cases the imposition 
of minimum consu.nption guarantee should be waived. 

19.6.11 ^Vhen a farmer has secured electric connection for his 
tubewell or pumpset, he should not be restrained from sharing 
with or selling water to other farmers. 



7 OTHER MTSRS 


19.7.1 As in all other developcental activities) public 
participation in rural electrification is also important. It 
gives the people a feeling of involvement and) in consequence, 
secures their whole-hearted cooperation. Much of the work of 
rural electrification is of a technical nature which can be 
handled only by trained people. Nevertheless) there are items 
such as di/T^ing pits for erection of poles, transporting 
material, providing unsicilled laboui- to assist the skilled 
personnel in which local assistance can be invaluable. For 
expediting electrification programrae in an area, people can be 
willing to offer voluntary labour, which brin.:s down the cost. 
An experiment of this nature has been tried in the 
electrification of certain villages in Andhra Pradesh and the 
State Electricity Board claims to have effected a savin^j of 
about 10 per cent in cost. We recomiaend that such voluntary 
support by local people should be encouraged. 

19.7.2 With the increase in the tempo of rural electrlficat 
and the heavy responsibility devolving on the state electricit 
boards on this account, the cooperative system of electricity 
distribution in rural areas can be promoted. This would 
supplement the efforts of the boards and at the same time 
encourage direct participation and involvement of the people 
of the area. At the Instance of the Government of India, five 
rural electric cooperatives have been formed as pilot pro;5ects 
with the assistance of the REG by glvin^^ suitable loan and 
advice. There is one each in .kidhra Pradesh, Maharashtra, 
Gujarat, Karnataka and Uttar Pradesh. On completion of their 
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prosPa-nao, these will have energised 27,605 pu.apsets and nade 
power available to 1,553 small industrial units. In all, 729 
villages will have been electrified, w'e are glad to note that 
based on the experience gained in the working of these rural 
electrification cooperatives, the R'llC is endeavouring to promote 
several more such cooperatives, 

19.7.3 We are glad to note that the REG has a fairly 
comprehensive programne of research concerning rural 
electrification. Vast sums will be invested on rural 
electrification in the years to come. Any research results 
which load to economy and efficiency of service would be of 
great significance. We suggest that financial considerations 
should not come In the way In taking up of a comprehensive 

.programme of research. 

19.7.4 With an extensive network of electric lines in the 
rural areas and a very large number of consumers, accidents are 
bound to happen unless people are (Oade aware of the necessary 
safety precautions and the proper handling of electrical 
equipments. It would be desirable for the State electricity 
boards to organise de nonstrati on and training caiups to educate 
the people in the matter. 



8 SUMMARY OF RECOMl-IENDATIONS 


19.8,1 The acre important recoMondations are given belowi 

■X» The tempo of rural electrification should be stepped 

up so as to make electricity available for pumpsets and rural 
industries in practically all the villages by 1990. 

(Paragraph 19,3.1) 

2. The State electricity boards should prepare a 
well-consid'Gred and coordinated programme of rural 
electrification in consultation with the other development 
departments at the Mtate, district and block levels, 

(Paragraph 19.3.2) 

3. Advance planninr- for the future programme of 
electrification is essential and the state electricity boards 
should take early action on the following aspects; 

i) assess iient of requirement of power and 
making arrangements to meet the same; 

11) assessment of requirement of Extra High 

Tension (EHT) and High Tension (HT) net works 
and Initiation of appropriate action to meet 
the,same; 

ill) assessment of requirement of materials and 

arrangements for their indigenous procurement; 

iv) assessment of requirement of personnel and 
arrangements for their training; and 

v) carrying out of connected research and 
develop ment work, 

(Paragraph 19.3.3) 

4. The present difficult power position should not be 
permitted to hamper agricultural development and the 
requirements of rural electrification should continue to 

be accorded a high priority. 

(Paragraph 19.3.4) 
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5. The State Government should take steps to encourage 
rural loads l 3 y promoting dispersal of industries to rural areas, 

(Paragraph 19,3.5) 

6. The electricity ;x>-ards should take advantage of 

the funds^ placed at the disposal of the RfiC for granting loans, 
to provide street lights in hari.ian bastie_s as were left out 
while electrifying the village within the next two years. The 
charges for electricity consumed by these basties should be 
borne by the State Governments concerned. 

(Paragraph 19,3,7) 

7. The* State Governments should take suitable action to 
extend electricity to primary health centres for which 50 per 
cent subsidy is allowed by the lentrO) within about two years, 

(Paragraph 19.3.8) 

8. The oleetricity boards should give special conslderatlc 
to extending electricity to fishermen colonies along the sea 

(Paragraph 19.3.9) 

9. Wherever famine relief funds are used for deepening of 
existing wells or digging of new wells, funds should also me 
provided for electrifying them, 

(Paragraph 19.3.10) 

10. In order to mirximise the financial loss on rural 
electrification schemas, it is important to bring about maximum 
economy in capital costs through standardisation without 
sacrificing safety considerations and also to take steps to 
improve the load factor and thus the revenue through larger 


use of uower. 
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11, The electricity beards should take urgent steps to 
bring down the losses in the existing Syste:as and ensure that 
the future distribution systens are desi gned to give only 
tolerable line losses, 

(Paragraph 19.4.4) 

12, The State electricity boards should have the 
authority to disconnect the power supply to a consuTier who is 
adopting various nalpracticos. This authority should be 
exercised only by a responsible officer of the electricity 
board, 

(Paragraph 19,4.6) 

13, The Gentre/State Governments should subsidise part of 
the capital cost of the schemes for transmission and 
subtfansmssion lines to be installed b> State electricity 
boards in backward areas so as to satisfy the norms prescribed 
lOy the R3C. ' Si.milarly, where villages are far away from each 
other and the inclusion of the cost of 11-KV lines ;uakes the 
schemes for electrifying them unremunerative, the RBC may 
consider i^ving special loans’ for the 11-KV lines by treating 
them as transmission lines, 

(Paragraph 19,5,4) 

14, Credit facilities should be extended to farmers and 
small scale Industrialists, Incl’ading for the electrification 
of their homes, for meeting the initial cost and connection 
charges, etc. 

(Parai'raph 19,5,5) 

15, The state agro-industries corporations should be 
charged with the responsibility for the supply of quality 
equipment at reasonable prices. 


(Paragraph 19.6,3) 
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16, A/^ro-service centres should he set up to provide the 
servitses of licenced electrical wireiien/electricians for 
attending to repair work including rewinding of motors at 
reasonable rates. 

(Paragraphs 19.6.4 and. 19,6,,5) 

17, Pending investigation of a contested bill, the 
consumer should be charged on the basis of average consumption 
for the past two months. Ficticious reading of meters which is 
generally the cause of wrong billing should be considered a 
ser,l.o^ 9 . offence and persons found responsible for it should be 
suitably punished. 

(Parai^raph 19,6.6) 

18, The system of sending bill collectors to specified 
places in the vllla.ges on specified days should be introduced by 
the electricity boards, who have not done so, so far. 

(Paragraph 19,6,7) 

19, The theft of transformers, conductors and other 
materials and the possession of such stolen articles should be 
made a cognizable offence under the fSlectrlclty Supply Act, as 
is the case in the Indian Telegraph Act, 

(Paragraph 19,6.8) 

20, The State electricity boards should make stamp paper 
available at the time of signing the agreement. 

(Paragraph 19.6.10) 

21, The imposition of 'Oinlraum consumption guarantee 
charges should be waived if the circuimstances are beyond the 
control of the consumer. 


(Paragraph 19.6.10) 
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22, ^Vhon a famer has secured electric connection on his 
tubewell or punipset, he should not be restrained fron sharing 
with or selling water to other far'aers. 

(Paragraph 19.6.11) 

23. For expediting the electrification prograinrne in an 
area, voluntary labour offered by the people should be fully 
utilised and encouraged which would also bring down the cost. 

(Paragraph 19.7,1) 



APPKii'IDiX 19.1 (Paragraph 19,2,3^ 

Statewlse Investment on Rural Electrification 

by plans croreS) 
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appendix 19.2 (Paragraphs 19.2.:^ and 19,3.6) 

1 

Statewise Number of Villages Eaectrified 
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